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- OCEANOGRAPHY

UDC 551.466.8(261)
MODEL OF THE FREQUENCY SPECTRUM OT INTERNAL WAVES IN THE OCEAN

B Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian Vol 17,
No 1, Jan 81 pp 67-75

[Article by K. D. Sabinin and V. A. Shulepov, Acoustics Institute USSR Academy of
Sciences, manuscript submitted 2 Oct 79]

[Text] Abstract: A comparison of the experimental fre-
quency spectra measured on expeditions of the
Acoustics Institute using the Garrett-Munk mod-
el indicates the existence of two special parts

1 of the spectrum in which peaks of tidal and

short-period internal waves rise over the mono-

tonically decreasing background part. There is

a difference in the spectral levels of the model

and the background of the experimental spectra

in the equatorial latitudes. A somewhat modified

model of the background part of the frequency

- spectrum is proposed in which the nondependence of

the spectral level on geographical latitude is

assumed. Some characteristics of short-period in-

ternal waves are discussed.

According to the Garrett-Munk model, the frequency spectrum of the vertical dis-
placements g in internal waves has the form:

R Si(f, Z)=CN"(Z)f«f”V?——fT‘ M, )

‘ where C = 204 m2+hr-1l; N(z) is the local vaisaia frequency; f1 is the inertial
‘ frequency [1, 2].

A comparison of the frequency spectra of temperature fluctuations in the upper

thermocline which we measured in a number of regions of the world ocean with model

(1) indicated that the rate of dropoff of the spectrum with frequency in the re-
- gion of the spectral continuum (background) predicted by the model agrees well

with the results of the meesurements in [3]. Major discrepancies are observed in

two frequency regions -- at tidal and high (near the local vaisald frequency) fre-
‘ quencies, where the experimental spectra have peaks. With respect to the absolute
spectral levels of the background, the data from point temperature detectors
- (photothermographs, etc.), which constitute the greater part of the data which we
1
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analyzed, do not make possible evaluation of the vertical displacements of the -
thermocline with an accuracy necessary for studying the seographical variability
of the spectral levels [3].

pDistributed temperature sensors give more reliable information for the correspond-
ing evaluations [4]. The measurements made using these sensors in the Sargasso
Sea and two ~quatorial regions of the Indian Ocean —- the Seychelles and the Mal-
dives [3, 5j —-- revealed a beautiful coincidence with the Garrett-Munk model in
the Sargasso Sea and large discrepancies in the low latitudes, where the experi-
mental spectral levels were much higher than those predicted by the model. This
result is illustrated in Fig. 1, which shows the spectra of vertical displacements
of the thermocline in the Seychelles and Maldives polygons. The measurements were
made using four 100-m temperature Sensors, which were situated at the center of
the upper thermacline (40-100 m in the Seychelles region and 50-150 m in the Mal-
dives region) [5]. The solid curves represent the spectra corresponding to the
first 17-hour segments of the measurements; the dashed curves represent the second
: segments of the same duration. The spectra computed using formula (1) are shown in
- the form of solid sloping straight lines. It can be seen that the law of decrease
of all the spectra is identical, but the Garrett-Munk spectrum is 12 db lower than
the level of the experimental spectra. The spectrum of the first segment of the
Seychelles measurements has a peak at a frequency of 3 cycles-hr-1l, rising above
- the background, for which the one can use the spectrum of the second segment, by
9 db.
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Fig. 1. Spectra of vertical displacements of thermocline in the Seychelles (a) and
Maldives (b) regions.

It can be postulated that the extrapolation of the conclusions drawn by Garrett and
Munk on the basis of measurements in the extratropical latitudes is not entirely
correct for the low latitudes since it gives considerably understated spectral
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levels. The approximation of the experimental spectra of vertical displacements

is improved if model (1) is somewhat modified, assuming that the spectral levels

at frequencies considerably greater than the local inertial frequency are uot de-
, pendent on geographical latitude:

Se(f, 1) =CN(3) V=1, @

Here C. is some constant whose value can be found, taking into account the good
correspondence of the experlmentaa. data and model (l) in the subtropical lati-
tudes: C1 = Cff = 204 m 2ehour—1.0.042 cycleshour~l = 8.5 m2-hour? (0.042 cycle:
hour~l is the inertial frequency at 30° latitude). The corresponding spectra,
illustrated in Fig. 1 by sloping dashed lines, far better agree with the experi-
mental data for the Seychelles and Maldives regions.

Since the range of free internal waves (from f{ to N) broadens with a decrease in
geographical latitude and a nondependence of the high-frequency part of the
spectrum on the inertial frequency means that the total energy of the internal
waves does not remain constant and is equal to 0.4 Jercm™2, as was postulated by
Garrett and Munk, but changes with latitude. In actuality, according to [2], the
dimensionless energy E of internal waves in a column of water of a unit section is

E= j]i(a, m)dadm=ﬂEA(;.)B(m)dAdm, (3)

) where B(w) = 2n~1 & W-1(w2- 0112)'1/2; @ and «; are the dimensionless current
- and local inertial frequenciés;xand A are dimensionless wave numbers; A is nor-
malized in such a way that

[+¢]

j AA)AA = 1.
J Similarly o
) S B(w)de = 1.

0
The replacement of the product Cf{ into expression (1) by the constant value Cfj
- (30°) = 8.5 m2-hour-2 is equivalent to the introduction of the new frequency
function B'(w) = CZB(w)w 1, as a rasult of w‘lgloich in place of
[s¢]
X B(w)dw = 1 we have j B'(w)dw = Co/ed i,
0 0

that is, the expression for energy (3) becomes dependent on the inertial frequency:
E' = ()F wi”
2

Since at latitude 30° the Garrett-Munk model describes the spectrum of internal

- waves well, it can be assumed that Cy = «4(30°), from which, converting to dimen-
sional values, we obtain the following expression for the dependence of the energy
of internal waves on geographical latitude ¢ (for $>0):

E=02/sing J* cn2, )

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000400010017-8

1]



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000400010017-8

FOR OFFICIAL USE ONLY

[Note: Using the estimate of the kinetic energy of the quasistationary circulation
of the world ocean from [6] (1018 J) and relating it to a column of water with a
section 1 cm? — 1018 3/3.61-1018 cn?z 0.3 Jecm™?, we find that in the low lati-
tudes this is much less than the total energy of the internal waves (with P= 5",
for example, E = 2.2 J'cm-z), although it must be remembered that the intensity
of quasistationary circulation in the equatorial latitudes is also intensified.]
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Fig. 2. a) High-frequency ranges of spectra of rises of the thermocline in differ-
ent regions; b) profiles of vAis4id frequency: 1) North African basin, 2) Hydro-
physical polygon, 3) Bay of Bengal, &) Iberian basin, 5) Seychelles region, 6)
Sargasso Sea

A change in the total energy of internal waves with a change in the width of the
frequency range of their existence appears extremely probable, as is the reten-
tion of the level of the high—frequency part of the spectrum of internal waves
with a decrease in fi, which resembles the nondependence of the equilibrium part
of the spectrum of wind waves on wind force and the position of the spectral max-
imum. The nature of the "equilibrium character” of the high-frequency part of the
spectrum of intermal waves remains unclear. This can indicate, for example, some
limiting, saturated state of the corresponding spectral components, as occurs in
wind waves.

Another characteristic property of the experimental spectra is that in the high-
frequency region their attenuation does not conform to the general law. Here the
energy of these spectra is increased, which is manifested in the form of individ-
ual peaks or plateaus. Figure 2,a shows the high-frequency parts of the spectra
measured in different regions of the Atlantic and Indian Oceans and relating to
the upper horizons, where, as a rule, these peaks were most clearly expressed. The
measurements were made with both distributed and point anchored temperature
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sensors. Figure 2,b shows the profiles of the Viisdld frequenzy N(z) for all the
considered regions. The following pattern can be seen in the analysis of these

two figures: the frequencies of the peaks falling in the range 1.5-3 cycles-hour"l
fall closer to the frequencies Ny, at which there is a sharp broadening of the
waveguide in the thermocline than to the local VHisdld frequencies. In actuality,
the local VAisdld frequencies for the considered measurements were from 4 to 13
cycles+hour~l and cxceeded the frequency of the peaks by a factor of 2-6. At the
same time, all the observed N(z) curves have the following common characteristic:
a more or less narrow peak of the V3isd1d frequency corresponding to the waveguide
in the upper thermocline (depths from 10 to 100-200 m); with an increase in depth
there is a rather sharp replacement by layers with a slow change of N(z) and the
frequency of this sharp transition from the peak to quasiconstant values of the
vdisdld frequency Ny in all the considered cases is in the range from 1 to 2
cycles<hour~l, that is, only a little below the frequency of the spectral peaks.
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Fig. 3. High-frequency peaks of spectra of internal waves. For notations see Fig.
23 K designates the California region.

The reasons for the appearance of the high-frequency peaks are not entirely clear.
: The considerable differences in the frequency of the peaks from the local vdisa1d
- {requency, and also the virtually single-mode structure of the short-period inter-
nal waves [7, 8], do not correspond to concepts on the formation of the high-fre-
quency peaks due to the addition of many modes near the boundary of the waveguide
[9] and therefore such a purely kinematic explanation is scarcely justified, at
least under the conditions of the upper thermocline.
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A direct identiflication of the observed waves with Kelvin-Helmholtz shear instab-
ility waves, as was done, for example, in [10], is impeded by the fact that short-
period internal waves are propagated relative to the medium with a considerable
phase velocity (close to the theoretical value for the first mode) [7], whereas
Kelvin-Helmholtz waves are virtually motionless [11].

It can be postulated that the appearance of a peak near the frequency of a sharp

- broadening of the waveguide N is attributable to some quasiresonance properties .
of the thermocline examined in [12, 13] or the proczsses of absorption and scat-

i tering of waves in the deep layers of the ocean (the 0. M. Phillips hypothesis,

- expressed at the Soviet—American Symposium on Internal Waves which was held in
Novosibirsk in 1976 [14]). Finally, it can be assumed that the sporadically ap- '_
pearing short-period internal waves are radiated by wave-eddy turbulence of the :
upper quasihomogeneous layer of the ocean with the appearance of critical veloc-
ity shears there [15] or arise as a result of nonlinear decay of longer waves.
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Fig. 4. Spectrum of temperature fluctuations in hydrophysical polygon of 1970: f;
is the inertial frequency, 01 is the solar diurnal period, My is the lunar semidi-
iurnal period, 2Mj, 3My are harmonics of the lunar period.

Due to Doppler distortions associated with the mean transfer of water relative to
fixed instruments, the measured frequency can differ substantially from the true
frequency, by which we will understand the frequency of waves in a reckoning sys-
tem moving together with the medium in which they are propagating. Therefure, with-
out attempting to establish any more definite relationships between the measured
frequencies of the peaks and the viisala frequency, we note that the mean frequency
of all the peaks f, = 2 cycles'hour":L is very close to the frequency of the sharp
broadening of the waveguide Np = 1-2 cycles shour~l in all the described observation
regions, as should be observed in the case of resonance properties of the
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thermocline [12, 13] or the influence of wave absorption in the spirit of the Phil-
lips hypothesis.

Now we will attempt to discriminate the high-frequency peaks, excluding the back-
ground part of the spectrum. We will assume that the differences in the absolute
spectral levels of the high-frequency parts of the spectra which are shown in Fig.
2,a were caused by errors in determining the vertical temperature gradients T,'
used for conversion of the temperature spectra Sp{(£) into vertical displacement
spectra Sz (f) = (Tz')'ZST(f). If the values determined by expression (2) are used
as the true values of the spectral background above which the high-frequency peaks
rise, we obtain the following formula for computing the corrected spectral ordin-
ates of the peaks themselves:

[7= peak} NS (f) =aSe(f) —Cif (5)

! The coriection factor q is de::cmined at the point fg, directly preceding the high-
frequency peak, where the decrease of the spectrum with frequency ceases: q =
Cifg™ 8¢ "l(fo). In the case of measurements with distributed sensors, making pos-
slble a more precise evaluation of the vartical displacements, the correction fac-
tor was not introduced and the ordinates of the peaks were determined directly as
rises above the measured background.

Figure 3 shows all the peaks discriminated in this way, which also were matched in
frequency. Here also as a comparison we have plotted a peak measured by Pinkel
near California [8, Fig. 7] and denoted by the letter k. The spectrum was evalu-
ated directly from the vertical displacements of the isotherms; its frequency was
3.5 cycles+hour™l, In this same figure we have plotted a curve more or less satis-
factorily approximating the high-~frequency peaks:

Ichn(f)'——Cn(f"fo)‘exp["3(f—fo)]; (6)
‘g{here "A " denotes normalization to a frequency 1 Cy(:le-hour‘l, C. = 180 m2 and

fy = 0.7. In this case the frequency of the peak is equal to its mean value 2
cycles hour—1,

o However, it is easy to obtain the dispersion of the vertical displacements of the
- thermocline caused by short-period internal waves:

N
gfzgsg (ydf =0,4C/ N. (7
fo
With a typical value G, = 180 m? this gives the mean square amplitude {#4.2/N, m,

The greatest differences from the curve are observed in the Seychelles and Sargasso
polygons, and also near California. These three spectra, in contrast to the others,
correspond to relatively brief measurements (8 hours for California, 6 hours for
the Sargasso Sea and 17 hours for the Seychelles polygon). However, only the Sey-
chelles peak, evidently, would approach to the approximating curve, measuring
over a long time interval, since already in the next l7-hour segment of the meas-

- urements this peak is not manifested. The small height of the peaks measurea near
the shores of California and in the Sargasso Sea probably corresponds to a lesser

FOR OFFICIAL USE ONLY
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: amplitude of the short-period waves than in other regions because the spectrum of
the adjacent segment of measurements in the Sargasso Sea does mot contain a peak
and the heights of the peaks obtained by Pinkel from the longer records (see [8])
are even less significant.

Thus, the approximation of internal waves (6) which we obtained can make no pre-
- tense to broad representativeness and is not so much a universal as a typical
form of this spectrum. By varying the values of the coefficient Cp and the fre-
quency position of the peak, possibly associated with the frequency of the sharp
broadening of the waveguide, it is possible to achieve a better description of
the peak in each specific case. Nevertheless, the small number of reliable meas-—
urements for the time being still does not make it possible to draw any conclusions
conearning the geographical variability of the peak. However, some ideas can be ex-
presszd concerning the temporal variability of the peak on the basis of data on the
intermittence of short-period internal waves [16]. Assuming that the ratio of the
local time of existence of the short-period internal waves to the entire sufficient-
ly great observation time is 1:3 with mean Cp = 180 m2, we find that Cp_varies from
zero in the absence of trains of high-frequency internal waves to 540 m? within
such chains. This corresponds to a change in the mean square amplitude of inter-
nal waves from 0 to 4 = 3 m, with a typical value N = 6 cycles'hour“l.

One of the invariable characteristics of the frequency spectra of internal waves
_ in the ocean is a peak corresponding to tidal fluctuatioms. The amplitude of this
l peak is subject to sharp changes in time and space, which can be attributed to

the great role of local topography of the bottom and hydrological conditions [17].

L reliable and representative illustration of ocean internal tides is the obterva-
tions of the well-expressed narrow-band semidiurnal temperature fluctuations in
the Hydrophysical Polygon of 1970 in the Atlantic. Figure 4 shows the spectrum of
temperature fluctuations at the 200-m horizon of this polygon, computed on the
basis of all available observations for a six-month period using a photothermo-
graph with a high resolution Afg = 0.0025 cycle-hour"l and a number of degrees
of freedom of about 200. The narrow and high peak of semidiurnal fluctuationms, hav—
ing a maximum in the period of the lunar semidiurnal tide TMp = 12.4 hours, con-
tains about 13% of the total dispersion of the temperature fluctuations. The ratio
of the central frequency (fym; = 0.08 cycle'hour"l) to the width of the peak near
its base (A f = 0.02 cycle-hour~l) is 4, which indicates the narrow-band charac-
ter of the tidal fluctuations. Figure & shows the second and third harmonics of
the semidiurnal fluctuation and the peak near the inertial frequency, which may
be a consequence not so much of vertical, but instead, horizontal displacements
in the inertial waves in the presence of horizontal temperature gradients in the
thermocline, where they play a significant role.

In summarizing, the following conclusions can be drawn concerning the structure
of the frequency spectra of internal waves in the upper layer of the ocean. The
frequency spectra of the vertical displacements of the thermocline consist of

a background part, decreasing monotonically with frequency, over which rise narrow
and high peaks of tidal (primarily semidiurnal) fluctuations and broader peaks of
short-period internal waves (with frequencies from 1 to several cycles per hour).
The background part is satisfactorily described by the Garrett-Munk model with
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some correction (2) relating to dependence on geographical latitude.
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Fig. 5. Generalized frequency spectrum of vertical displacements of the thermo-
cline in internal waves for different geographical latitudes (. The broken line
corresponds to the Garrett-Munk model for ¢= 10°; the solid curves correspond to
a modified model for ¥ = 10 and 15°.

Short-period internal waves are essentially nonstationary in time and nonuniform
in space. They are manifested in the form of chains of relatively narrow-band

- fluctuations intermittent with sectors of more random and less intense "background"
fluctuations. The duration of the trains is some hours; the intermittence of the
trains, that is, the ratio of the total time of their existence to the entire time
of the observations, is usually characterized by a few tens of percent. The height
of the waves within the trains can attain 10 m or more, which is close to the typ-
ical height of the semidiurnal waves in the thermocline.

Figure 5 shows the generalized frequency spectrum of rises of the thermocline in
internal waves, conveying all the above-mentioned characteristics of such a spec—
trum —— nondependence of the high-frequency part on geographical latitude, the
existence of semidiurnal and high-frequency peaks. Here also the dashed line rep-
‘ resents the Garrett-Munk spectrum (1) for a latitude of 10°; the solid curves rep-
i resent the spectra (2) for latitudes 10 and 15°. The difference in latitudes 1s
: reflected only in the lowest-frequency part of the spectra. The width and height
of the peaks, as well as the position of the high—frequency maximum, can vary in
, dependence on the place and time of the measurements. The figure corresponds to
some typical values in the upper thermocline in the ocean. The typical values of
the mean square vertical displacements of the upper thermocline & in the short-
period, tidal and background internal waves are related as 1:2:3; the absolute
values of the corresponding amplitudes can be evaluated approximately using the
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product g‘ﬁz 43 8 and 13 mehour~9+3, (The values for the background part cor-
respond to the suhtropical latitudes.)

In conclusion we emphasize that the small number of observations at our disposal,
generally speaking, does not make it possible to draw reliable conclusions con-
cerning the change in the spectrum of internal waves with latitude. We attempted
to tie in the great difference in the energy of waves in the Sargasso Sea and

two equatorial regions of the Indian Ocean with the great difference in geograph-
ical latitudes, although it is also impossible to preclude the influence of any
other local factors, such as bottom topography, currents, etc. In this connection
the proposed modification of the Garrett-Munk model with respect to the dependence
on inertial frequency has a preliminary character and requires checking, which can
be accomplished within the framework of a further study of the geography of inter-~
nal waves in the world ocean.
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UDC 550.834.087.4:528.47.629.472
ANALOG REGISTRY AND PROCESSING OF ECHO SIGNALS IN MAPPING OF THE SHELF
Moscow GEODEZIYA I KARTOGRAFIYA in Russian No 12, Dec 80 pp 39-43
[Article by A. I. Svechnikov and Ye. V. Brener]

[Text] The use of acoustic research methods for solving problems in the mapping of
bottom deposits on the shelf is determined by the following principal factors:

-— high productivity of the survey due to the continuity of the process of acous-

tic measurements during movement of the ship;

~— possibility of carrying out a continuous areal survey with the use of side-view
sonars;

—— possibility for obtaining information not only on the depth of the water body,

but also on the nature of the bottom deposits.

The active echosounding method is the basis for the acoustic research method. As a
result of interaction between an acoustic sounding pulse and the object of the in~
vestigation an echo signal is formed which carries information both on the dis-
tance to the object, but also on its properties [3].

The registry of echo signals arising during the interaction of acoustic radiation
with bottom sediments on the paper tape of an automatic recorder creates only the
prerequisites, shows the possibility for the extraction of information from the
echo signal not only on the fact of reflection, but also on the nature of the bot-
tom deposits, their lithological composition.

Bottom deposits of different lithological type have definite differences in physico-
mechanical properties [6]. They lead to changes in the echo signal and can be mani-
fested in the character of the echogram, For example, with a contrasting transition
from acoustically soft to acoustically hard sediments. Only under these conditions
can a visual interpretation of the echograms obtained on paper tape give good re-
sults [2].

It is obvious that only a changeover from a visual, qualitative interpretation to
the measurement of the principal characteristics of an echo signal and on this ba-
sis, revelation of the regular correlation between the nature of changes in the
echo signal and specific lithological types of bottom deposits, can facilitate the
improvement of remote diagnosis methods.

The measurement and computation of the characteristics of echo signals is possible
both in the registry process and in the interpretation process. For the processing
of data from acoustic investigations in the interpretation stage it is necessary to

12
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register the echo signals on a carrier which will ensure the possibility of re-
peated reproduction of the registered signals with minimum distortioms with respect
to echo signals registered in the course of the survey.

We will examine the possibilities of using an analog magnetic record for the regis-
try and prolonged storage of echo signals.

Among the fundamental premises which determine the possibility of using an analog
magnetic record are the following:

- -- the possibility of the registry of ucoustic information at a real time scale;
-- relative simplicity in the registry c¢f large volumes of dataj;
—- the possibility of multiple reproduction of the magnetic records, which makes
possible the use of a whole set of processing procedures in the interpretation
process,

The use of two-channel analog registry, in addition, makes it possible to register
additional service informatiom.

In the mapping of bottom deposits on the shelf by acoustic methods it is necessary
to solve two fundamental problems —- determine the depth of the bottom deposits
and the nature, lithological type of sediment. The first problem involves the reg-
istry of the propagation of an echo signal from the bottom surface. It is obvious
that the registry accuracy will be determined both by the geometrical measurement
- errors characterizing the sounding pulse and the accuracy in registering the time
intervals on a magnetic tape, which for the most part is dependent on fluctuations
in the rate of the magnetic tape relative to the recording and reproducing heads
[1]. Fluctuations of the rate of the magnetic tape usually are evaluated using the
coefficient of rate fluctuation or the detonation coefficient [5]. For example,
with the registry on a magnetic tape of the time intervals related to depth meas-
urements in a range up to 200 m with an absolute error of 20-40 cm, the detonation
coefficient for the magnetic recorder must not be greater than 0.1%.

In the remote determination of the lithological type of bottom sediment the empha-
sis is on the depth of penetration of acoustic radiation into the sediments and

the changes arising in the echo signal during their interaction. The reflected

echo signal carries information on the lithological type of sediment and therefore
the accuracy in registry of the echo signal on the magnetic tape should ensure a
reliable separation of the bottom deposits on the basis of the mersured character-
istics of the echo signal. For example, the maximum value of the echo signal enve-
lope determines such an important characteristic of bottom sediments as the reflec-
tion coefficient. According to the data in [6], the reflection coefficients for
sandy deposits fall in the range 0.41-0.37, for sandy~clayey deposits -- 0.32-0.21,
for clayey deposits == 0.25-0.17 and for silty deposits -~ 0.16 or less. Accoxding-
ly, for reliable separation of bottom sediments into four major lithological groups
the accuracy in the registry of the amplitude value of the echo signal must not be
_ less than -107%.

Thus, assurance of the necessary accuracy in the registry of time intervals and re-
liable reproduction of the registered amplitude values of the echosignals is pos-
sible when as the magnetic recorder for the registry of acoustic information use is
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made of specialized apparatus for precise magnetic recording or special measuring
- magnetic recorders.

Among the different types of Soviet apparatus for precise magnetic recording it is
possible to employ the MEZ-74 two-channel magnetic recorder [41.

Among foreign analog magnetic recorders for this purpose it is possible to use a
"B & K" (Denmark) magnetic recorder type 7001, which is a two-channel recording
instrument with a frequency range 0-20 KHz, with a linearity of more than 1%, with
distortions not greater than 1.5% and integral vibrations of about 0,1-0.15%/

1t should be noted that determination of depth in the water with a sufficiently
high accuracy is possible when using acoustic emitters with a radiation frequency
of about 50-150 KHz, whereas for solution of problems in the classification of
bottom sediments it is necessary to use radiation frequencies of about 1-7 KHz,

Two-channel magnetic analog registry makes possible rather simple solution of the
problem of registry and storage of information received in the survey process from
high~ and low-frequency emitting systems.

Figure 1 is a block diagram of apparatus for carrying out work for the mapping of
bottom deposits with the use of a two~-channel analog magnetic recorder. .

| L
[H

—

I
[—-T_ sj'g

Fig. 1.

4

KEY:
1) Low-frequency emitter
2) Generator for excitation of acoustic systems
3) Express~recorder
- 4) High-frequency receiver-emitter
5) Control unit
- 6) Two-channel magnetic recorder
. 7) Receiver
8) Measuring amplifier
9) Curve plotter
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The outfit includes a high-frequency receiving-emitting system with a working fre-
quency of 140 KHz, a low-frequency emitting system with a maximum of the emission
spectrum at a frequency of 4 Klz, a generator for the excitation of the acoustic
systems, a receiver, measuring amplifier, two-channel analog magnetic recorder, ex=
press information recorder, curve plotter and control unit.

T A
o[ 00104 1_2 3ne

4}

. Ky ey T w72
bpems, MIC T ime mfsec
Fig. 2.

Figure 2 shows the shape of the pulse generated by the low-frequency emitting sys-
tem and a curve of the change in peak pressure developed by the emitter with depth
with an excitation voltage of 2 KV. Measurements of peak pressure were made using a
spherical hydrophone with a response of 10’Avlbar.

The generator for the excitation of acoustic systems produces voltage pulses with a
frequency of 1 Hz with a capacitance of the reservoir capacitors of 100f*F and a
voltage 100-10 000 V. The echo signal amplifier used was a U2-7 measuring amplifier
- with a frequency range 0-20 KHz and a nonuniformity of the frequency characteristic
less than 0.3 db with an amplification factor 10-80 db. The receiver response is

10 V/bar. The registry of the echogram is on electrothermal paper on an express-in-
formation recorder of the "Paltus-M" type. Simultaneously with registry of the echo-
gram there is registry of echo signals on magnetic tape of a two—channel magnetic re-
corder with the frequency range 31.5 Hz-16 KHz, a detonation coefficient of 0.07%
and harmonic distortions of less than 1.5%. The registry of the echo signal charac-
teristics after processing is accomplished using a two-coordinate plane table curve
plotter of the PDP-4 type. ’

Figure 3 is a block diagram of the control circuit. The system ensures the registry
of information directly during the course of acoustic investigations, the reproduc-
tion and analog processing of survey materials.

In a regime with registry of the synchronization pulse a timer produvces a synchron-
ization signal which is fed for registry in the first track; this determines the
moment of onset of registry. In addition, the timer feeds a signal to the circuit

‘ for blocking the receiving channel of the outfit, thereby ensuring protection of

; the reception channels from an overload when generating a sounding pulse. Then 1

) msec after the synchronization pulse, a pulse is fed for triggering the generator
for the excitation of acoustic systems. A high~frequency echo signal passes through
the blocking circuit to the shaping circuit. There it is converted into a rectangu-
lar pulse with an amplitude of about 0.5 V and a duration of 100psec and this is
fed to an amplifier for registry of the reading "bottom" in the first track of the
magnetic recorder,
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The low-frequency echo signals reflected from the sedimentary layers are fed to a
measuring amplifier through a blocking circuit which forbids the passage of echo
signals in definite registry limits controlled by a timer. By means of the timer

it is possible to carry out both manual setting of the registry limits and automat-
ie tracking of the stipulated time interval of registry in the limits (0.1-100
msec). Low-frequency noise is suppressed by an active high~frequency f£ilter with a
cutoff steepness 40 db per octave at a cutoff frequency 1000 Hz,

After time selection and frequency limitation the echo signals are fed to an ampli-
fier for registry in the second channel of the magnetic recorder.

In the reproduction of the magnetic record the control circuit ensures three regimes
of analog processing and registry of the recorded information. This includes the
construction of the vertical profile of depth in the water, curves of change of the
reflection coefficient and the integral characteristic curve of the echo signal.

In the regime for construction of the vertical profile from the "depth measurement"
signal there 1s triggering of the depth integrator, which tramnsforms the time into
a voltage in conformity to a linear law. Using the "bottom reading" signal the cir-
cuit for shaping the control signals stops the depth integrator and transmits the
state of the integrator to the circuit for storage of the sample, which stores the
depth value to the next cycle of measurements. After transmitting a particular depth
value the depth integrator is discharged.

The acoustic stiffness of the bottom sediments is determined using the circuit for
measurement of the reflection coefficient, which consists of a time automatic vol-
ume control (TAVC) and a peak detector.

A low-frequency echo signal in a reproduction regime is fed through a blocking cir-
cuit to the TAVC circuit and then to a peak detector, where there is determination
of the amplitude value of the envelope of an echo signal, discriminated from the
totality of the echo signals. This includes a blocking circuit and a circuit for
the shaping of control signals.

In the regime for computing the integral characteristic curves the echo signals
from the TAVC are fed to an integrator with an integration time constant of 100
msec. Here the positive half-waves of the echo signal are integrated in stipulated
registry limits. Then the state of the peak detector or the integrator is fed to
the circuit for storage of the sample and from there, through a LF filter (LFF),
it is fed to the amplifier of the curve plotter "U" coordinate.

The results of processing of analog magnetic records, obtained when carrying out
acoustic investigations along profile No 26 of the experimental lithological poly-
gon, are presented in Fig. 4. The figure also shows an echogram and geological sec-
tion constructed using drilling data. The curves of change of the reflection coef-
ficient along the profile were normalized using the maximum value of the envelope
of the sounding pulse, whereas the integral characteristic curves were normalized
using the value of the integral determined for positive half-waves of the sounding
pulse.

16

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000400010017-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000400010017-8

FOR OFFICIAL USE ONLY

On the curve of changes of the reflection coefficient it is possible to discrimin-

ate regions with increased values of the reflection coefficient (0.4-0.45) charac-

teristic of sandy-gravelly deposits, for example, in the region of points 1 and 2,
- and also regions with values of the reflection coefficient 0.15-0.2, characteristic

for silty-clayey deposits. For fine and pulverized sands the values of the reflec-

tion coefficients fall in the range 0.25-0.3.
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Blocking circuit 11. Horizontal scanning circuit
Shaper 12. Express recorder amplifier
Synchronization circuit 13. TAVC circuit
Synchronization generator 14. Depth integrator
Measuring amplifier 15. Peak detector
Amplifier for registry and repro- 16. Integrator
duction in 2d track 17. Storage circuit
Amplifier for registry and repro- 18. Low-frequency circuit
duction in lst track 19. Stabilizing pulse from auto-

High-frequency filter

Timer

Circuit for shaping control sig-
nals

matic recorder

It should be noted that in the sectors of the profile lying to the left and right

of point 3 there are reduced values of the reflection coefficient, evidence of the
development of silty-clayey deposits in these sectors.

Thus, the determined distribution of the coefficients makes it possible to deter-
. mine the geological section more precisely and increase the reliability of deter-
- mination of the lithological type of sediment.

The integral characteristics of echo signals along the profile were obtained for
the two intervals 0-2 msec and 2-36 msec. The appearance of the first echo signals
was used as the beginning of the reading. The changes in the integral characteris-
tic curve obtained for an integration time of the order of a prolonged sounding
pulse coincide with the changes in the reflection coefficient. The integral charac-
teristics for the second interval give some idea concerning the intensity of the
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echo signals received frecm the lower-lying layers or arisircg as a result of mul-
tiple reflections. For example, in places of clayey deposits there are increased
values of the integral characteristic curve; for sands of medium grain size their
values are greater in comparison with fine-grained sands due to a change in the in-
tensity of the multiple wave.

2

Profile No 26

H 2 J . 4 5 6 7
0 200 400m
[N

Fig. 4. Results of analog processing of magnetic records: 1) gravelly-pebbly depos-
its; 2) morainal deposits; 3) sands with medium grain size; 4) varved clays; 5)
- fine sands, pulverized; 6) sandy loams

In conclusion it should be noted that the use of analog magretic recording in the
solution of mapping problems on the shelf ensures registry and storage of great
volumes of acoustic information, creates prerequisites for the analog processing
of echo signals and affords a possibility of obtaining data for identification of
bottom deposits not only on the basis of records of echograms, but with allowance
for such objective data as the impedance and integral characteristics of bottom

- sediments.
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In addition, analog magnetic recording makes possiblie rather simple changeover to
the digital processing cf acoustic information with the use of highly productive
digital computers using devices for the input of analog information, which to a
considerable degree will broaden the range of procedures and processing methods
and will facilitate a changeover to the automated processing of the results of

- acoustic investigations on the shelf,

Without question, digital registry of the results of acoustic measurements at a
real time scale has indisputable advantages both with respect to the accuracy of
registry and convenience in the exchange of information with the digital computer,
but the great velocity of receipt of acoustic information (100-200 kbyte/sec) and
its considerable volumes (15-20 kbyte/sec) create definite difficulties in the de-
velopment and creation of digital magnetic recorders of hydroacoustic information.
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uDC 532,58

EMISSION OF INTERNAL WAVES FROM RAPIDLY MOVING SOURCES IN AN EXPONENTIALLY
STRATIFIED FLUID

Moscow DOKLADY AKADEMIT NAUK SSSR in Russian Vol 256, No 6, 1980 pp 1375-1378

[Article by V. A. Gorodtsov, Institute of Mechanical Problems USSR Academy of Sci-
ences, manuscript submitted 30 Jun 80}

[Text] Computations of the field of internmal waves in a density-stratified fluid
generated by moving bodies are considerably simplified if one knows the volumetric
or surface sources equivalent to the bodies in their hydrodynamic effect. The find-
ing of such sources is a difficult problem, in a general case soluble approximately
or mumerically. However, for great velocities of movement the integral characteris-
tics of the wave field are slightly dependent on the specific form of the sources
and universal asymptotic dependences are correct.

Small perturbations of the field of pressure p in an exponentially stratified (case
of a constant Vdis814-Brent frequency N) ideal incompressible fluid, caused by a
mass source m(r,t), in the Boussinesq approximation are described by the equation
{1,2] .

a? )( 9 ) 9 1 (.F Y]
— + N +— ) Slp === + Nz mpy.
KBI’ axt 3y’ ar?az’ p 3t ) Y @)

Here t is time, x, y, z are the horizontal and vertical coordinates, P is the den-
sity of the fluid in an unperturbed state, assumed henceforth to be constant.

For a uniformly moving source m(r, t) = mgf(r - ¥yt) the energy of emission of in~
ternal waves per unit time is equal to the value

W= fdp(r. ym(r, ). 2

Due to the linear homogoneous correlation (1) between p and m it is possible to
give W a form of expression which is quadratic relative to the amplitude of the
source. Using the Fourier transform for the variables r, t, from (1), (2) we ob~-
tain pomd

W = J‘d’kdulwl(:\‘ WhS(w- kv St

L=k - W - Wkt k;).

Here k = (ky, Ky, k,),  are Fourier variables conjugate to the variables r = (x,
¥, 2)s t, and S (x) 1s the Dirac delta function.

2

8n

This formula can alse be rewritten in another convenient form
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As a simplification we will linmit ourselves to the cases of horizontal and ver-
tical moving sources. In the second case after performing integrations for the
components of the wave vector k we obtain a representation of w(r) in the form of
a single integral of the Bessel function

w(r) = 47-[-)— f dw wcos’\ l'i.)J0(~ 1

\ Vo

/\_+| \
Nt N

(5)

for which, in the case of great velocities (vg-o0) an asymptotic expansion is cor-
rect (Iny is the Euler comstant)

. Nz\t V(e ey 2,
577”20 w(r) =~ | ..<‘ ) . ".,.._.._)( - =z )_ . __}+

Yo 2ug YAV

In accordance with this expansion and the general formula (3), for the energy loss—
es of a vertically moving source at great velocities we will have the asymptotic
formula

Po’"o

> e ®)

if the integral entering into it does not becomes equal to zero. Otherwise, when
there is a compensation of the "receipts" and "losses" it is necessary to keep
the next terms of the expansion, For a source for which J dzf(r) =0, fd rf(r)z

0, we obtain Ve
,“‘"‘" 3, ey +|2
W . 16r0] fd r/(r).‘ . 1%

Formulas (6) and (7) become precise iu the case of a point source and a vertical
doublet respectively; the integral factor im (6) is then equal to unity, but in (7)
-~ d /“’6 (d is the dipole moment of the doublet).

In the case of horizontal movement of the source, from formula (4) it is also pos-
sible to obtain a representation of the function w(r) through si—lgle integrals of

the cylindrical functions: a2, (,v.ﬁg)K «Nk)
0

w(r) = j JdgV1 —f’u.)s

Y,
g o

V1
1

-5 [ dEvi- “.us< xE) h,(-—) (®
LY uo

Here a m=|z|/Jy2 + 22, A={§2%y2 - (1 -82 |2211/2, For large velpcities of move-~
ment, using expansions of cylindrical functions and the cosine, we have

2%y, el Nigl o B,

—? wir) = (IFV ['ll :U:’; £ ln Y €))
Ny *:l) £ - al)in —= ¢ ]
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Hence foliows an asymptotic formula for the energy loss per unit time by a source
moving horizontally with a great velocity

- Al b}
w =f_ow-(,4‘|n ;l)_g + B|),
a i

8av N
4 oy e st —y (10)

By = -~ 1dnd FEE) [ BV = InA,
; PR P O RS T DICET N
- if the total source J d3rf(x) is different from zero. For a source of the type '
] J axf(xr) = 0, ‘jd3rf(r)x| 2=Aj 5= 0 the following terms of expansion (9) become 4
) fundamental: 2 wa .

Po/me v Wy

W s —— -<A: n — + B;),

- 32m) Al (11)

1
B, = - ‘_f. FaPrd P s’ [ di/T=EF A,
' -]

- In the case of horizontal movement the simplest example of a point source loses
sense, since here, in contrast to the case of vertical movement w(0) is not a fin-
ite value (compare (5), (8)).°

As can be seen from the written formulas (6), (7), (10), (1), the coefficients of
the higher terms of the expansions W for the inverse value of velocity of the
sources are dependent on the large details of the distributions of sources. Final-
ly, we note that by using these formulas it is possible to give the form of the ex-
pansions for the inverse value of the dimensionless Froude number vo/Nf , using some
characteristic dimension of the source as Q, .
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UDC 910.2(261.3)
INTERNATIONAL EXPEDITION IN THE BALTIC SEA ON THE SHIP 'GIDROMET'
Moscow OKEANOLOGIYA in Russian Vol 21, No 1, Jan-Feb 81 pp 187-190
[Article by A. A. Aksenov, A. I. Blazhchishin, K. Vypikh, V. K. Gudelis and B. Rosa]

[Text] In accordance with a plan of the Coordination Center of the Member Countries

of the Soviet Economic Bloc Under the "World Ocean" Program, during the period 1-30

- June 1979 specialists aboard the "Gidromet" (Polish People's Republic) carried out

the first international expedition for study of Holocene shorelines and features

on the floor of the Baltic Sea. Participating in the expedition were Polish spec-

ialists of the Institute of Meteorology and Water Management (Gdynia) and the Gdansk
University and Soviet specialists from the Institute of Oceanology USSR Academy of -
Sciences, the Geography Division Academy of Sciences Lithuanian SSR and the Geology
Institute Academy of Sciences Estonian SSR,

The work was carried out in the southeastern part of the Baltic Sea in two standard
sectors of the Polish-Soviet economic zone (Fig. 1). A "Hantec" seismoprofilograph
(Canada) was used in detecting the evidences of ancient shore levels and clarifying
the structural details of the Quaternary stratum. This apparatus operated in a
"boomer" regime, This apparatus makes it possible to register the fine structure
of the Quaternary stratum with a high resolution (0.5-1 m). Using the "Hantec" pro-
- filograph it was also possible then to select the sites for the taking of cores of
deposits -- at the sites of the surmised localization of ancient shore features.
The cores were obtained using a modernized oscillating piston corer of the Kudinov
design; the length of the cores was as great as 4.5 m. During the course of the ex-
pedition a total of 725 miles of seismic profiling work was done on 34 runs and 22
cores were obtained.

These investigations yielded new data on Holocene shore levels and the structure
w of the Quaternary stratum in the southeastern Baltic. As became clear from a pre-
liminary analysis of the seismic profiles and data from vibrational drilling carr-
ied out earlier, in the Quaternary stratum, in the section south of the Slupskiy
trench, there is a predominance not of moraines, but fluvioglacial sands, in the
upper part reworked by the sea. The thickness of such sands on the land attains
100 m. In this respect Slupskaya Bank differs sharply from other shallow-water
sectors of the Baltic Sea where the Holocene bottom profile was developed in the
main moraine of the last glaclation., Two major antecedent valleys, oriented ap-

z proximately parallel to the present-day shore, are situated between the coast of
the Polish People's Republic and Slupskaya Bank. The valleys are incised in the
fluvioglacial sands and were filled, according to data from vibrational drilling,
by different continental formations, including peat bogs. The thickness of these
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deposits attains 20-30 m; the thickness of the covering marine sands attains 3-4 m,
Along the axis of the antecedent valleys there are several ancient lake basins
fi1lled with varved clays. On the eastern flank of Slupskaya Bank,under a layer

of recent sands, it is possible to trace cut-off glaciodynamic structures which

are the roots of pressure—-created terminal moraine formations. Since the develop-
ment of the shore zone in the Holocene occurred in the considered region against

a background of an excess of sandy material, ancient shore levels are morphological—
ly poorly expressed.

> AN
BIE TN
20
88 s n
(1] ‘v
89 Ny
- :"ﬁ
.. ‘._'. HARMNMHTPAL
R
. 1 ."H'H'H‘H-N-H.H

e o |

Fig. 1. Map' of selsmic profiling runs and position of stations. 1) seismic profiling
runs; 2) posi‘ion of vibrationally drilled holes; 3) isobaths, m

Ancient shore levels are traced more clesrly on the southeastern slope of Yuzhnaya
Srednyaya Bank. Here there are scarps at depths of 16, 20, 27, 32, 40, 61-62.5 m.
The last of the scarps is evidently structural. A core of deposits with a length of
about 3 m was obtained on the second scarp from above. Clearly represented in the
core are shore formations exhibiting four major transgressive-regressive cycles and
several lesser omes (Fig. 2). Each such cycle begins with a basal layer of gravelly~
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pebbly sediment and ends with medium- and fine-grained sand. The great thickness of
the basal layers of the major cycles suggests the superposing (intersecting) of sev-
eral shorelines as a result of isostatic uplifting.

In the southwestern part of Gdansk Gulf there is an alluvial cone of the Vistula
River which extends in a northwesterly direction to a depth of 30-40 m, dropping
away in a steep scarp with a height of 30 m ("Kamerun'"). According to data from
selsmic profiling, the cone consists of an obliquely layered stratum of sediments
with a thickness of 20-30 m, lying in unconformity on Pleistocene clays, revealed
by the cores in the deeper-water part of the gulf.,
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Fig. 2. Ancient shore formations in cores of Late Quaternary deposits (station 9 —-

Yuzhnaya Srednyaya Bank, station 6 -- underwater cone of Vistula River, station 20
2 —= southern side of Neman antecedent valley). 1) aleuritic silt; 2) coarse silt; 3)
‘ medium- and fine-grained sand; 4) coarse-grained sand with gravel; 5) gravel; 6)
pebbles; 7) peat; 8) obliquely layered sands; 9) transgressive boundaries. -

As a result of vibrational drilling carried out at different bathymetric levels it
was found that the obliquely layered stratum is represented by sands of different
grain size and subordinate intercalations of gravels and silts. On the surface of
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rerraced areas —— silt depressions with depths of 30-34 m -— there are silts and
aleuritic silts with a thickness up to 2 m or more, whereas in other sectors there
are only sands. At readings from -30 to -40 m in the core sectioms it is possible
to discriminate several peat intercalations, the thickest of which (40 cm) is at
the levels -(31.7-32.1) m. In all probability, the time of formation of the peat
deposits corresponds to the regression of Antsilovoye Lake. It was found that the
reflecting boundaries on the seismograms are caused by basal horizons of gravel and
- pebbles forming as a result of the superposing of several transgressive-regressive
cycles in the delta of the Vistula, growing during the course of the Holocene.

Two such major cycles are represented in the core taken at a depth of 36.5 m (Fig.
2, station 6). The lower cycle evidently corresponds to late boreal times and in-
cludes both basin and subaerial sediments. Ancient shore formations (pebbles and
gravels), associated with the first littorine (?) transgression, are represented at
the base of the upper cycle. An intercalation of silts in the middle part of the
cycle possibly corresponds to the maximum level of the Littorine Sea.

M
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Fig. 3. Remnants of ancient eolian acgumulations on the northern slope of the Kur-
shskoye Plateau (copied from seismogram, profile 72). For the location of the pro-
file see Fig. 1.

In the northeastern part of Gdansk Basin and in the adjacent shallow waters a study
- was made of slope discontinuities and planation surfaces. The most interesting data
were obtained on profile 72 (Kurshskaya Kosa - Gotland Depression) (see Fig. 1).
Here a number of scarps and profile discontinuities can be detected. In a number
of cases the good quality of the seismograms makes possible an unambiguous identif-
ication of these levels either as ancient shore formations or as structural or lith-
ological. For example, a scarp of 66-72 m on the western slope of the Liyepaya Rise
is caused by Devonian clint, whereas the eastern boundary of the Gdansk depression
is expressed by a gentle but distinct discontinuity of the bottom profile (64-72 m),
whose formation was evidently caused by incising of a glacial tongue into the edge
of the Polish-Lithuanian syneclise. The ancient shore scarps and the abrasional ter-
raced surfaces, traced at depths from 66 to 63 m, are possibly Lower Holocene (Yoldi-
an), since in the paleontologically studied cores from this region preboreal layers
- are discovered at depths below 55 m. With respect to the lower levels (62-66, 64-68,
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71-74 m), they cannot be regarded as Holocene shorelines. The highest of the
traced levels have absolute readings from =-(32-35) to -(35-39) m and evidently
correspond to the shoreline of Antsilovoye Lake.

Interesting formations associated with the shoreline of this basin have been dis-
covered in the northeastern part of the Kurshskoye morainal plateau., These accum-
ulative bodies (horizontally measuring from 15 to 100 m and in height 1-2 m) were
precipitated onto the structural (cuesta) scarps of the Upper Cretaceous substrate
covered with a thin layering of coarse fragmented sediments remaining from erosion

of the moraine (Fig. 3). In all probability thesz bodies represent the remnants
of ancient dumes.

A core with a length of 3.6 m (see Fig. 2, station 20) was obtained from the
southern edge of the Neman antecedent valley. It contains accumulative formations
associated with the incising of this valley and its subsequent filling with Holo-
cene sediments. The upper basal horizon of cozrse and fine gravel in this core
can be compared with the ancient shore formations of the first phase of the 1lit-
torine transgression. The obliquely layered beds of sands and silts, which lie
underneath in places, evidently represent a delta facies. The sediments of this
facies along the uneven (but not basal) boundary lie on fine-grained sands and
silts of marine or eolian genesis. It is difficult to identify the lower—lying
layers. i

On the basis of a preliminary analysis of the materials obtained on the expedi-
tion it is clear that the position of the ancient shore levels detected in the
southeastern part of the Baltic does not fully correspond to that predictzl
theoretically as a result of isostatic adjustments. In the region of the Sambiy-
skiy Peninsula and Kurshskaya Kosa, on the one hand, and in the region of the
southern part of Gdansk Gulf, on the other hand, the position of the Holocene
levels is virtually identical. As can be seen from Fig. 2, the transgressive
boundary between the littorine and Antsilovskiye sediments in the cores from
these regions is at the levels -(38.5-39.9) m. At the same time, on the southern
slope of Yuzhnaya Srednyaya Bank (station 9) this level is at the reading -21.4
m, that is, the relative value of the isostatic rise between the mentioned read-
ings is approximately 17-18 m.

Investigations by the member countries of the Socialist Economic Bloc on the prob-
lem of Holocene ancient shorelines and coastal formations in th~ Baltic Sea will

be continued.

COPYRIGHT: Izdatel'stvo "Nauka', "Okeanologiya", 1981
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UDC 910.2(261)

THIRTY-FIRST VOYAGE OF THE SCIENTIFIC RESEARCH SH1P ' AKADEMIK KURCHATOV'
- (PRINCIPAL SCIENTIFIC RESULTS)

Moscow OKEANOLOGIYA in Russian Vol 21, No 1, Jan-Feb 81 pp 183-187
{Article by V. G, Kort]

{Text] The principal objective of the expedition during the 3lst voyage of the sci=-
entific research ship "Akademik Kurchatov" was a study of the mesoscale (synoptic)
spatial-temporal variability of hydrophysical fields (currents, temperature, den-
sity) in the regions of the eastern part of the subtropical zone of the Atlantic
Ocean. The investigations were planned as a development of the studies carried out
under the Soviet-American POLIMODE program. In accordance with this program, during
the period 1977-1978 Soviet scientists, working in the southwestern part of the
North Atlantic, carried out investigations of the dynamics of ocean currents in a
long~term (more than one year) hydrophysical polygon; during this same time Amer-
ican expeditions carried out investigations in the central part of the North Atlan-
tic. As a result of investigations under the POLIMODE program (USSR, United States),
Poligon-70 (USSR) and MODE (United States), it was possible to obtain unique data
on the dynamics of mesoscale movements {4 the ocean and study the dynamics of synop-—
tic eddies in the western half of the subtropical zone of the North Atlantic. It
was established that the synoptic eddies, having a great kinetic energy, are prop-—
agated from the eastern half of the ocean.

The implementation of investigations in the eastern part of the North Atlantic
should clarify the regions of generation of eddy systems of a synoptic scale and

- supplement our knowledge concerning the dynamics of ocean currents in this poorly
studied region.

The general reglon of the investigations was bounded by the meridians 20 and 40°W
and the latitudes 20 and 40°N. The expedition lasted 105 days. The track followed
by the expedition is shown in Fig. 1. The expedition worked from 17 April to 31

July 1980. The expedition was headed by Corresponding Member USSR Academy of Sci-
ences V. G. Kort. The scientific research ship "Akademik Kurchatov' was commanded
by captain of distant navigation K. V. Sokolov.

The scientific program of the expedition included: investigations of evolution of

eddies in the open ocean under the influence of the mean current, atmospheric pro-
cesses and topogenic factors; study of the dynamic, energy and biohydrochemical
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characteristics of eddy disturbances in the ocean; study of the geographical dis-
tribution of eddies in the ocean; investigation of the spatial-temporal variabil-
ity of primary hydrooptical characteristics of the ocean in dependence on hydro-
logical conditions and other factors; a complex of studies on heat exchange be-
tween the ocean and the atmosphere; aerological observations.

During the voyage three quasisynchronous hydrological surveys were made of regions
of the passage of the anticyclonic eddy discovered at the beginning of the work;
seven self-contained autonomous oceanographic buoy stations with automatic current
recorders and automatic water temperature recorders operated in the field of the
investigated eddy for a total of 30-35 days. Temperature sounding of the upper
layer in the ocean (0-500 m) was carried out each 20-30 miles on 30 runs with a
total extent of more than 20,000 km. Along the entire track of the vessel there
was aerological sounding (once a day), meteorological and actinometric observations.
About 9,000 hydrochemical determinations were made in water samples. Measurements
werce made at 85 hydrooptical stations. More than 200 biological samples were col-
lected.

The primary processing of observational data and preliminary processing were carried
out during the course of the voyage. The principal results of this analysis are
given below for different aspects of the program.

1. Meteorology. With transition from spring to summer two periods can be discrimin-
ated in the formation of the Azores High: during the first pericd the weather map
does not show the Azores High as a unified pressure formation and in most cases

the pressure field has two or three centers. This period is ascigned to spring. The
second period, summer, is a time when the Azores High is well formed and constitutes
a single-center pressure formation. In spring there are winds from all eight direc-
tions, whereas in summer —— only from the NE, E and SE, with a predominance of
winds of a purely easterly direction. The center of the Azores High experiences a
looping movement in a counterclockwise direction. On the northern periphery of the
Azores High there is usually no air temperature inversion in the lower troposphere
- (1-3 km} due to the cyclonic activity in the temperate latitudes. In the southern
half of the anticyclone, facing the equator, a temperature inversion is observed
everywhere, both near the center of the anticyclone and on its periphery. Changing
its thickness and intensity, the inversion exists daily.

The stratocumulus clouds beneath inversions have a very strong va:iability: in the
course of 15-20 minutes the clouds can scatter or cover the entire sxy. The albedo

- of the ocean surface was low —- v 57 and therefore a great part of the heat reaches
the ocean surface and is absorbed by it. The mean daily values of total solar radia-
tion are as follows: 578, 668, 512 cal.cm~2.day~l for periods I, II, III respective-
ly. The interaction between the ocean and the atmosphere leads to the following
values of the heat balance components for the ocean surface by periods:

R P LE E
-l I 9-16 May 477 2.2 85 0.145
II 6~21 Jun 555 8.6 154 0.264
- III 5-15 Jul 422 8.6 144 0.247
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where R is the radiation balance; P is turbulent heat exchange; LE is the expendi-
ture of heat on evaporation (all three parameters are expressed in cal-cm"z-day'l);
E is evaporation from the ocean, cmeday~1,

Fig. 1. Map of track and work on 3lst voyage of scientific research vessel "Akadem
ik Kurchatov." The solid lines represent temperature runs made with the T30-1. The

- shaded polygon represents the region of successive hydrological surveys of the anti-
cyclonic eddy.

2. Hydrology. Three quasisynchronous hydrological surveys made it possible to trace
the evolution of the mesoscale anticyclonic eddy discovered early in May to the
southwest of the Azores (at a distance of 300 miles) (Fig. 2). In the first stage
(11-15 May) the anticyclonic eddy had a mean diameter for the 15° isotherm of 250-
300 km and a depth of displacement of this isotherm 75-100 m. The eddy was traced
to the horizon 1,500 m. The central region of the eddy had the coordinates 32°30'N,
31°30'wW.

The second hydrological survey (13-21 June) indicated some weakening of the eddy.
Its mean diameter decreased to 200 km and the displacement of the 15° isotherm at-

tained 50-60 m. The coordinates of the central region of the eddy were 30°30'N,

33°40'W. Thus, after approximately 30 days the eddy had moved 370 km in a southwest-
erly direction with a mean velocity 10-12 kme day~1. -
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Fig. 2. Topography of isothermic surface 15°C according to data from hydrological
N surveys. The solid isolines represent depths of the 15°C isotherm in m according
to data from the first and third surveys; the dashed isolines -- same for the sec-
ond survey. I[l 2 —- cyclonic eddies; A -- anticyclonic eddy whose evolution was
investigated.

At the time of the third survey (9~13 July) the core of the eddy had divided into
three parts of different intensity and the eddy itself had essentially decayed.
The entire region of individual eddy cores was pressed between two cyclonic eddies
which had followed the anticyclone from the first stage of its investigation. The
central region of the breaking-up anticyclone had the coordinates 28°00'N, 35°30'W.
During the period between the second and third surveys the eddy moved a distance
of 320 km to the southwest with a mean velocity 11 km-day"l or 13 cm*sec”l, The
identity of the anticyclonic eddy in all three stages of the survey is confirmed
both by the general character of the eddy field in the polygons of the hydrological
i surveys and by the distribution of the hydrological and hydrochemical character-

i istics in the eddy region.

Prior to completion of the total processing of the observational data and their an-
alysis it is difficult to determine the nature of the investigated anticyclonic
eddy. However, the distribution and structure of the hydrological and hydrochem-
ical characteristics quite definitely indicate the capture and transport of dif-
ferent water masses by this eddy. It can be assumed that the investigated eddy is
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a mesoscale topographic eddy. The complex and sharply changing bottom relief and
the hydrological regime in the region of eddy propagation to a certain degree
confirm this hypothesis.

Instrumental measurements of currents with three autonomous buoy stations during
the first period of the investigations indicated the existence of rather strong
ebb-and-flow and inertial currents in the region.

The orbital velocities in the investigated anticyclonic eddy on the average at-
tained: at the horizon 200 m — 20 cm.sec~l, at 400 m -- 23-25, at 700-800 m -~ 15-
20 and at 1,500 m -- 6-8 cmesec™1,

The geographical distribution of mesoscale eddies in the eastern part of the North
Atlantic was investigated on 15 transoceanic temperature runs (in the layer 0-500
m) with a total length of 16,500 km. A total of 26 clearly expressed cyclonic and
anticyclonic mesoscale eddies were registered. These had a mean diameter of 200-
250 km and a mean movement of the 15° isotherm of 100-150 m. Most-of the discovered
eddies were concentrated around the Azores region, especially to the southwest of
these islands. The ocean region bounded by the western shore of Africa on the east,
the Mid-Atlantic Ridge on the west and 16-28°N, was poorest in mesoscale eddies. In
most cases the discovered mesoscale eddies correlate with sharp rises of the ocean
floor. This correlation is closest In the regions of passage of the Canaries, North
- Trades and North Atlantic Currents over sea rises and ridges. It can be asserted
that the Azores Islands region is the site of the most intensive generation of meso-
scale eddies in the eastern Atlantic.

Hydrochemistry. A very detailed study was made of the chemical structure and evolu-
tion of the anticyclonic eddy in time and space on the basis of five quasiconserva-

- tive chemical indices —— dissolved oxygen, silicon, phosphorus, pH and alkalinity
to depths of 1,700-2,000 m.

Maps of the distribution of dissolved oxygen and silicon made it possible to judge
the evolution of the anticyclonic eddy in time and space, especially at moderate
and great depths. The combination of the five chemical parameters and salinity give
basis for asserting that one and the same anticyclonic eddy was investigated in the
three surveys.

The entire investigated region is characterized by an oxygen supersaturation of the
entire surface layer with a thickness of 70-140 m on the average by 4% (per 0.2
ml). With respect to CO2 the picture is the opposite —- at the ocean surface the
€0, content is less than in the near-water layer of the atmosphere and the ocean
absorbs €07 from it proportional to the wind velocity and the difference in the
partial pressures of CO2 in the water and atmosphere.

Much material was collected on the content of organic carbon in the water (more than
200 determinations). It was experimentally established that the results of the de-
terminations of Cypp with the S. V. Lyutsarev instrument must be modified by a cor-
rection of 1 mg C/1§ter, which is not less than 30-507 of the measured values.
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4. Hydrooptics. More than 80 hydrooptical stations were occupied during the voyage.
- These investigations revealed the high purity and spatial homogeneity of the waters
in the investigated region. This applies, in particular, to the spectral absorption
values, which are close to the values adopted for pure distilled water. The spec-
tral attenuation vaiues in the surface layer experience appreciable fluctuations,
but for the most part they are in the limits characteristic for very pure surface
- waters.

A great volume of information was collected on the variability of the vertical pro-
files of small-angle scattering (about 400 vertical profiles were measured) and in-
vestigations were also carried out in processing the results of remote methods for
determining the optical properties of sea water, the content of chlorophyll and
suspensions in the surface layer of the ocean.

) Data from measurements made using a spectral instrument for determining irradiance
from above, sea and sky brightness, installed at the ship's prow, agree well with
data from direct measurements of optical properties; the chlorophyll concentrations
computed on the basis of these data fall in the range 0,06~0.10 mgem~3, characteris-
tic for biologically very impoverished regions of the ocean,

5. Hydrobiology. In the course of the voyage there were 31 successful trawlings
with the trawl at different depths from 75 to 700 m and as a result of the first
sorting of material there were 248 samples of different groups of macroplankton
organisms. All the samples were weighed for subsequent computations of biomass. All
the fish were determined; it was established that the collection included 117
species.

Phytoplankton collections were made at 106 stations. Thirty-five full bathometric
series were run in the layer 100-0 m and 202 catches were taken with a large net in
this same layer; the total number of samples was 590. During the voyage 130 batho-
metric samples and 10 net samples were processed; 188 forms of phytoplankton were
determined down to the species level.

The region to the northeast of the Cape Verde Islands was the richest with respect
to the biomass of mesopelagic fish (15 3/10 m ), this was followed by the regions
i to the south of the Azores Islands (10 g/lO4 m3) and the central part of the ocean
(6 3/104 m=3). The poorest region was that between the Madeira Islands and the
coast of Morocco (<5 g/lO m”), which contradicts the general op.nion that there
is a high biological productivity of these waters and this merits special analysis.

We should note the presence of several equatorial species of mesopelagic fish in
the zone of the Canaries Curremt, near the Cape Verde Islands. This is apparently
evidence of the penetration here of waters of equatorial origin. In this same re-
glon there was found to be a species of fluorescent anchovies which is new for the
region.

The phytoplankton of the investigated regions was extremely impoverished (less than
1,000 cells per liter), but the region to the east of the Madeira Islands (less
than 300 cells per liter) stands out as being especially impoverished, as it is

with respect to the biomass of abyssal fish. The general impoverishment of plank-
ton flora is attributable both to the fact that a great part of the work was carried
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out in oligotrophic waters and to the fact that this coincided in time with the
period of the summer minimum of the population of phytoplankton and biogenous

elements.

The finding of several arctic-boreal forms to the south of the Azores Islands glves
basis for regarding this region as the southern part of the zone of mixing of trop-

ical and arctic-boreal plankton flora.

It was established as a result of use of a new method for the processing of phyto-
- plankton samples (the so-called reverse filtering method) that the population of
plankton algae in the oligotrophic waters of the Northeast Atlantic is an order of

magnitude greater than was assumed earlier.
COPYRIGHT: Izdatel'stvo "Nauka', "Okeanologiya", 1981
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UDC 551.466.81
LINEAR MECHANISM OF FORMATION OF THE SPECTRUM OF INTERNAL WAVES IN THE OCEAN

! Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian Vol 16,
No 9,Sep 80 pp 992-996

[Article by V. A. Sokolov, L. M. Fomin and A. D. Yampol'skiy, Institute of Ocean-
ology USSR Academy of Sciences, manuscript submitted 12 Dec 78, resubmitted after
revision 22 Aug 79}

[Text] As indicated by measurements, movements of the internal waves type are al-
i ways present in the ocean [1]; they can have greater or lesser energy and have

' a different distribution of amplitudes of oscillation in the vertical profile,
which is probably associated with local conditions of stratification and the in-
tensity and spectral structure of the external effect, exciting internal waves.
[2]. High-frequency internal waves are observed most clearly in the thermocline
region, where the vertical density gradient is not small. Another peculiarity of
internal waves is their temporal intermittence: usually the record of fluctuation
of water temperature or the vertical velocity component at a point resembles the
record of a signal with amplitude modulation; the predominant value of the carrier
frequency of the fluctuations will be less than the local value of the Vaisild
frequency [3].

On the basis of general considerations the mechanism of the formation of internal
waves can be represented in the following way. If some force (fluctuations of at-
mospheric pressure or wind velocity) acts on the water layer or at the ocean sur-
- face, leading to vertical displacements of water particles in the thermocline re-
gion, in addition to the forced oscillations there should be free oscillations at
the local VAisd14d frequency. The latter will have the greater enccgy the greater
the set of spatial scales of the external effect which will cover the range of
wave number values satisfying the dispersion relationship for internal waves.

In the real ocean the VAis#l4 frequency changes with depth; there should be a

corbining of the fluctuations at closely spaced levels due to the continuity of
T movement of the water. In the simplest case this is similar to the addition of
sinusoidal signals at close frequencies and the appearance of an amplitude-modul-
ated oscillation with a carrier frequency (@1 + @ 3)/2. In the case of a contin-
uvous stratification of water the mechanism of linear interaction of fluctuations
at different horizons will be more complex, leading to the formation of a whole
spectrum of internal waves with the properties noted above.
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Thus, we will examine how the spectrur of internal waves changes with depth in
dependence on stratification conditions with an identical external effect. Such
a formulation is in some sense a speclal case of a more general formulation of
the problem by A. I. Leonov and Yu. Z. Miropol'skiy [2], who investigated the
mechanism of generation of internal waves in dependence on the type of external
effect spectrum.

iIn our examination of the vertical and temporal structure of higt-frequency in-
ternal waves in a layer of a nonrotating stratified fluid we will write the fol-

lowing system of equations: w g 1 aP gu 1 9P
—— e 4 —— —_— =0,
at Po po 0z at po Oz
- ' : (1)
C o . dpe du dw
Lt w— =0, —+—=0,
at 23 dz 0z

where u, w are the horizontal and vertical velocity components; P is pressure;
P =pP(x, 2, t); Py = P o(z) is water density; g is the acceleration of gravity;
the z-axis is directed downward; the x-axis is directed horizontally. It is pos-
tulated that the sought-for fumctions are not dependent on the second horizontal
coordinate.

The system of equations (1) is easily reduced to one equation for the stream func~
tion

z v N s 0,

—_— + —_—=0,

ar ¥ @ st

(2)

Here Y/ x = -w, oldz=u, N2(z) = gd ln)°0/dz is the Vaisdld frequency.

We will also use the boundary conditions: ¥ = O at the initial moment in time (with

t = 0) and at the bottom (with 2z = H); at the free surface of the ocean with z2=0
) bd ) n i kn - n"
M ZA sin(kaz=0nf) L gen 0£t<£ Ty,

Y =0 with t> Tg,

(3)

the periodicity conditions 'i/x=0 = ij=L are used at the lateral boundaries of the
region.

B The boundary condition (3) simulates some external effect disturbing the stably
stratified initially at-rest fluid. The physical nature of this effect can be
any which is desired (this is unimportant for us); this can be the effect of the
field of atmospheric pressure. The absolute value of this external effect also
does not have a high value because within the framework of linear problems the
nature of the solution cannot change. For the sake of clarity it can be assumed
that with stipulated horizontal and vertical scales the external effect is char-
acterized by a vertical velocity of about 0.01 cmesec™l. In the numerical comput-
ations discussed below the frequency u)) was selected equal to the value of the
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viisdld frequency at the ocean surface in order to free the results of the com-
putations in the water thickness from a forced wave propagating upward to the
jump layer. The time of operation of the "external effect" Tp was selected small
in comparison with the period of the V4isd1d oscillation at the ocean surface
but was adequate for the entrainment into movement of a considerable thickness
of water and for all practical purposes was ToN(0)/23 < 0.5. As a result of such
a restriction imposed on the boundary condition, during almost the entire time
of the numerical computations with a set of records of internal waves at differ-
ent horizons there was satisfaction of the "solid cap" condition at the ocean
surface and the solution corresponded to the free oscillations in the water lay-
er -- the reaction of the ocean to a short-term external effect. Internal waves
generated by the random pressure field were examined in [2].

N-1079
0z 6 1014 18 22
g
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180}
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300
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Fig. 1. Vertical distribution of vaisald-Brent frequency.

A zero boundary condition with z = O was introduced into the solution at the time
Tg, when all the considered layer of fluid was entrained into oscillatory move-
ment; Ty usually did not exceed 30 minutes.

- For convenience in numerical solution the equation (2) was replaced by the system
of equations
% me ao wy
—_ 2) —— =
12 arr ¥=t. €

a

The unknown functions were expanded into a Fourier series relative to the variable
x3 the derived system of equations for the set of wave numbers kxj was solved
numerically with a finite-difference approximation with a second order of accuracy
relative to the variables z and t. The resulting soluticns were reduced to the
space (x, z, t) by an inverse Fourier transform. The rapid Fourier transform was

- used for direct and inverse transforms.

37

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000400010017-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000400010017-8
FOR OFFICIAL. USE ONLY

The region for the solution is a rectangle in the space (%, z), 0<% Ly 0<zi<
z, L = 1280 m, z = 320 m, Ax = 40 my Az =10 m.
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Fig. 2. Spectra of vertical component of velocity at different horizons: a) pro-
file of Vaisd14 frequency I; b) profile of Vdisdld frequency II. k] = 20 /Ly K
=2n/Ly; Ly = 250 m, Ly = 425 m; Al = A2 = 0.5.

The solution was obtained with the interval At = 20 sec in the course of 45.7
hours model time, which ensured a set of series of the values of the sought-for
functions adequate in length for their spectral representation.
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Fig. 3. Curves of the temporal variability of the vertical velocity component at
different horizons.
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Fig. 4. Spectra of square of vertical velocity component at different horizons: a)
for profile of Vaisild frequency I; b) for profile of VAisi1d frequency II.

Several variants of the problem were calculated for two vertical profiles of the
Vdisdld frequency, shown in Fig. 1. One of them has a more clearly expressed water
density jump layer and a great range of the values of the VAisi14 frequency in
comparison with the second profile.
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As the horizontal scale of the extermal effect entering into the boundary condi-
tion (3) we took a set of values of the wave numbers corresponding to wave lengths
from several tens to hundreds of meters. With a wave length of 100 m or less inter-
nal waves do not penetrate under the density jump layer and the nonzero values of
the solution are concentrated in the upper layer of the ocean; the deep layers
remain at rest. With wave lengths of 250 and 425 m (a greater length was not used
in the computations) internal waves are generated in the entire water layer from
the surface to the bottom.

Figure 2 shows the energy spectra of the vertical velocity component for internal
waves at several horizons in the case of two-wave stipulation of the boundary con-

) dition (3), Ay = A2 = 0,5, Their line Etrgcgure is associated with discrete stipul-
ation of the vertical profile of the vaisala frequency., With a decrease in the ver-
tical interval the number of peaks in the spectrum will increase and the spectrum
of the vertical velocity component will tend to become continuous, but possibly
with several maxima.

Figure 2 shows also that fluctuations in the entire layer occur at frequencies less
than the local buoyancy frequency; this frequency difference is maximum in the den—
sity jump layer and decreases %boye“and below it. Only in the deep layers, where
the vertical gradient of the Vaisala gﬁaéignt is small, can the fluctuations occur
at frequencies close to the local Viisala frequency.

The energy of fluctuation of the vertical velocity component in internal waves has
a minimum in the density jump layer and increases beyond its limits. It becomes
equal to zero at the ocean surface and at the bottom (by virtue of the boundary
conditions). When there is a sharply expressed density jump layer (Fig. 2,b) it
can be seen that there is attenuation of the energy of fluctuations with depth: in
the bottom layer deeper than 270 m the amplituge 2f“the fluctuations is very small.
With a smoother vertical distribution of the Vaisala frequency the intermediate
maximum of the energy of fluctuations is shifted in the direction of the bottom
and the waves penetrate to a greater depth (Fig. 2,a).

On the records of the vertical velocity component the existence of a peaklike spec-
- trum v is manifested in that the w(t) curves have the appearance of oscillations
with amplitude modulation (Fig. 3).

- It makes sense to examine the form of the spectrum of the square of the vertical
velocity component in internal waves since the square of vertical velocity with
averaging forms one of the components of Reynolds stress, which can be important
for lower-frequency spectral components of movement in the ocean, for example,
for inertial fluctuations. The appearance of the w2 energy spectrum is shown in
Fig. 4. The energy of the square of the vertical velocity component is distributed
in a broader frequency range extending to tke left and to the right of the local
v4is814 frequency value. It has a minimum in the density jump layer and maxima at
the intermediate horizons. Behavior of the w2 spectrum in the LF region is of in-
- terest since with averaging for computation of the Reynolds stress the high-fre-
quency part of the w2 spectrum drops out. [For computing the Reynolds stress it
is necessary to average w- in a time equal to several values of the predominant
period of the internal waves. In our case averaging for 5-10 hours is adequate.]
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Figure 4 shows that internal waves generate Reynolds stresses in two layers asso-
ciated with the upper and lower boundaries of the density jump layer. For the
first vertical profile of the VAisdld frequency these layers are situated at
depths of about 30 and 210 m; for the second -~ about 30 and 150-180 m. In the
vertical profile of the VAisfld frequency the mentioned depths correspond to the
depths of the maxima of its curvature,

As follows from the form of the w2 spectrum, the Reynolds stresses generated by
the high-frequency internal waves (we will call them Vaisidla waves) contain har-
monic components with frequencies overlapping the range of frequency values for
the inertial fluctuationms. This circumstance can be very important for understand-
ing the mechanism of appearance of inertial fluctuations of velocity in the ocean
since a periodic force (Reynolds stress) with the period of inertial fluctuations
appears in the equations describing inertial movement.

In obtaining a numerical solution of the simple linear problem of formation of the
spectrum of Vaisdld internal waves in the ocean we obtalned a result agreeing sat-
isfactorily with the experimental data. It follows from the solution that:

1) the depth of penetration of the Vaisild waves is dependent on the peculiarities
of the vertical distribution of water density and the structure of the external
effect;

2) the energy of the internal waves is distributed in some frequency range whose
values are less than the local VAisild frequency at a particular horizon;

3) the energy of the vaisdld waves is maximum at the upper and lower boundaries

of the water density jump layer;

4) Viisd1d waves generate Reynolds stresses whose energy spectrum overlaps the
range of frequency values for inertial fluctuations.

These conclusions do not contradict the experimental data.
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UDC 551.466.81

GENERATION OF INTERNAL WAVES DURING THE UNIFORM LINEAR MOTION OF LOCAL AND NONLOCAL
- SOURCES

Moscow IZVESTIYA AKADEMIT NAUK SSSR: FIZIKA ATMOSFERY 1 OKEANA in Russian Vol 16,
No 9, Sep 80 pp 954-961

[Article by V. A, Gorodtsov and E., V. Teodorovich, Institute of Mechanical Problems
USSR Academy of Sciences, manuscript submitted 21 Jun 79, resubmitted after revis-
ion 2 Oct 79]

- [Text] Abstract: It is shown that a shortcoming of

- the problem of generation of internal waves
by a moving point source {and a combination
of point sources in the form of a dipole) in
the case of an exponential stratification of
fluid is an infinity of such values as the
total generation energy and the pressure
field on the axes at the source. Divergence
disappears when allowance is made for the
nonlocality of the sources. Precise solutions
are analyzed for nonlocalities of the spher-
ically symmetric, plane and linear types.

In a number of studies [1-11] computations of the field of linear internal waves
generated during the movement of bodies in a demsity-stratified fluid were carried
out on the basis of modeling of the bodies by systems of point sources. The problem
has been analyzed using approximate asymptotic methods and many features and short-
comings of such modeling were given no attention. In our study we obtained some pre-
cise results for the simplest case of an unbounded exponentially stratified fluid.
In particular, the problem of the total energy of generation of internal waves is
considered.

1. Hydrodynamic Fields of Moving Nonlocal Sources

Small perturbations of velocity v, pressure p and density £ iu an exponentially
stratified incompressible fluid in the presence of a source of the mass m(r,t)
are described by the system of equations [1Z]

av ap , N
_ + Vp=pg, — +—gv=0, Vv=m,
9t Vp=pg ot g gv |

As a simplification here use was made of the Boussinesq approximation and after in-
troduction of the VAisild-Brent constant frequency N the density of the unperturbed
- state is assumed equal to unity.
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From this system of cquations it is possible to derive another equation for the
scalar potential Y (r, t) through whose derivatives all the sought-for parameters
are expressed (the movements are considered eddy-free in the horizontal plane)

. 63 a! a
Ly=—m, e ViAY,2 =(__ z).ﬂ’
y=-m GE v TV, p o at’

N 3 a 1
- g dzot' V= (b? V+N’V,.)1p,
h Here V =(0/0z, 0/dy, 8/6z), V\=(d/oz, a/ay, 0),

and z 1s the vertical coordinate.

The solution of the equation for potential can be written using Green's “lagging"
function in the form of the integral

¥(r, t)=—j &r'dt’ G (x—r', t—t" ) m(x', '), 2)

where by the function G¥(r, t) is meant solution of the equations

1 LG (r, 1) =b(r)8(t), G{r, 1) ico=0s (3)
}3‘ and the last condition ensures a causal character of the time dependence in (2).

For a uniformly and linearly moving source of constant intensity m(r,t) = mgf(r -
vt) the formula for potential can be rewritten in the form

p=—m, [ @r'dG" (r—r'+Vt', ) ('), - nervh (4)

so that the stationarity of the field of perturbations in the coordinate system
related to a moving source is obvious.

Other convenient integral representations are obtained when using Fourier expan—

sions 1
- — d:kd Gr k, ® e(kr—l-l____
G ()= [akdat (k)
: = ___1__-",1];, dwG* (ks y, 2, w)e”'»"“";.
- (2n)? '

Here and in the text which follows for the Fourier components we will use the same

symbols as for the initial parameters and they differ only with respect to the
arguments.,

Using these expansions the formula for the potential of a uniformly moving source
can be transformed to the form

p=— 2 | Pk doG" (k,0) f(k) 6 (0—kv) ™™, (5)
(2n)’ |
¢=——’;1ijdk, do dr, "G (ke 1,1, @) [ (e 7.) 8 (@0—Feuv) e, (6)
I
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In the second representation we selected a special coordinate system in which the
x-axis coincides with the direction of movement and r, is a two-dimensional trans-
verse vector. Then we will limit ourselves to the case of a horizontally moving
source and then the x-axis will be horizontal to the axis of movement. The appeat-
ance of the & -function in these representations, indicating a linear relation-
ship between frequency and the wave vector component in the direction of movement
& = kv, is due to the stationary character of movement of the source (the depen-
dence on the difference r - vt in the initial parameters).

For determining the form of the funcrion G¥(kx, r, , «) entering into the repre-
sentation (6) we will use a Fouriler expansion in the variables x, t. Then from
(3) we obtain the equation

ot a9
[(m’-N’)-é?-*-m’E—z—(m’—N')kx'] 6" (ke 9,2, 0) == (1)8(2),

in which the differential operator with w2, N2 by a simple replacement of the var-
iables is reduced to 92/3y'2 + 22/32'2 - )LZ-

The Green's function of such an operator is proportional to the cylindrical func-
tion Ko(y-];'z F 2'2) (for example, see [13])and in the initial variables we have

K (kY g/wl)
. 2nlol (0*—N?)*
g=(0'—N*) 2+ oy’

G'(kll v, 2, m)'n’>"’= (7)

By virtue of the causal character of Green's "lagging" function its Fourier compon-
ents should be analytical functions of frequency in the upper half-plane of complex
frequencies and therefore G (kx, vy, z,«) with w2< N2 can be determined by means of
analytical continuation of expression (7) through the upper half-plane [12]. For
positive frequencies « <N for GT(ky, y, z,«) we thus find the formula

G'(k!y Y,z, (JJ) |4’<"<N=
_ . g
—E(——ql—lié ) (kY —g/wl)—i 9

4oV N*—o* | . 2ne¥YN'—o?
and the expression with négative frequencies is obtained from it if we take into
account the properties of Green's function and cylindrical functions (the line
at top is the symbol for complex conjugation)

K, (kYg/al), (8)

G Ut —0) = ot o), HA? @) =HL" (2)=Js(2) HiNo(). )

Without writing the rather unwieldy general formula for potential with this func-
tion GT(ky, T, , &) We will dwell on some special cases in which the formulas be-~
come simpler due to the special form of the nonlocal sources and the choice of the
discriminated observation directions.

For a plane source in the form £(r) = 8 (2)f1(x,y) = 8 (2)£f1(-x,y) the potential dif-
ference in the plane of the source is described by the formula
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a‘p - n/3

m , N N \
T e -é?f—o;jdy {! dak,(k cosa)f, (T cesa, i’ )_cos (—;g:, cos a)v-—

- ;'de.(gch B, (%ch p,y') sin (%x‘ chp)}. b % ly—y'l. 0

For a source f(r) = § (y)fa(x,2z) = 4 (y) f9(-x,2) localized in the vertical plane
the formula for the potential distribution in the plane of the source can be
written in the form

) my ¢, re . N N
Frl Bl dz. {‘[dal.((; sma)f.(—v—cosa,z’)sin(T:c. cosa) -

(11)

i . w/3

—:[daN.(tsina)f.-(L—‘Ncos-u,z’)cos‘(vi:.c.cosa).—-
_f_fdpx( Y n,o) sin( Y N
s cshp)f.(—v-chp,z )sm(Tz,chp)}, Lol

Finally, for a source elongated only in the direction of its movement £(r) = J )
J (2)£3(x), in the general expression for potential one integration remains

R L CRAR ITC) P

- 2. Pressure Field of Point Source

- For the pressure field created by a horizontally moving point source f(r-vt) =
8 (y) 8 (2) 6 (x - vt), from the preceding formulas (for example, (12)) we have the
integral formula

imo . 2 . _(3_ ) fox/v
=—2—I-demm(lv—m)G (vvyvztm € ] (13)
! in which, in a general case, the integral cannot be expressed through simple special
' functions. However, the pressure distribution along the three axes of an orthogonal
coordinate system moving with the source, one of which is vertical, whereas the
other coincides with the axis of movement, can be expressed through cylindrical and
kindred functionms.

The formula for the pressure distribution along the y-axis is easily derived from
(10), assuming x1 = O and f1(x,y) = & (x) J (y):

n/2

- oV ' ) _
‘ Pl;—x.-o'—'m ;[ da sin? aK,(2Y cosa) = (14)
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m,N? . N
='_-8';!—‘;{IO(Y)KO(Y)+11(Y)K1(Y))$ Y==—i;|yl7 (14)

Here the nature of the dependence on dimensional parameters was simple and it is
easily established from some dimensionality considerations. The number of signif-
icant dimensional parameters in the case of a point source is small (mg, N, V)
and for the distribution of pressure along any ray r we will have (the linearity
for my is related to the linearity of the examination)

7 p(r)=(moN*[v)F(R), ReeNr[v. . 5)
Formula (14) shows that in a transverse horizontal direction the pressure decreases

monotonically with increasing distance from the source and in the far zone there
is an inverse proportinnality to distance

PlimsmemmolV/4ny|, |y|>v/N. (16)
- For a transverse vertical direction the precise formula for pressure follows from
(11) .
| _ m’:N’T‘d in® oV (ZZ .l _
Plymzmo= . ) o sin® alV, (2Z sin B) = an
mN? Nzl
= {L(DN(2)-1(2)N.(2)}, Z=——
16v 2v
and in the distant zone is reduced to the simple result
! ' in( Y
Plimamom— (mV/aalsl)sin( - 1a1) , 1al>w/N. ° (18)
S v

The pressure field oscillates vertically with a linearly decreasing amplitude; the
wavelength of the oscillations in the distant zone is equal to 2mN/v.

In order to determine the pressure change along the axis of movement it is conven-
ient instead of formulas (10), (11) to use formula (2), substituting into it a
simple expression of Green's function for horizontal directions (see [12])

r(rt) | o(t
aG" (r,) I 8@ (VD).
at - 4rYz+yt
In the case of a horizontally moving point source we obtain
" my [ 8 A L))
”"""‘"("”J'N’)j e e T (19)
4n \ o8 v Yyt Gt

In the special case x] = .0 from this formula we obtain (14).. At the limit y-»O0 dif-
ferent results follow in dependence on the sign on xi.

Ahead of the moving source (x1>0) for the pressure distribution we obtain the for-
mula
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e () () 5, (),

4nv 3_t" v 4nz, (20)

in which by S Byw (X) is meant the Lommel function. In the distant zone, with X > 1,
using the asymptotic form Sj,1(X)#®1 + X2 4+ «+sy we find that the pressure field
has an attenuating character (compare (16), (18))

PlymimemNlbnz,, z,>v. : (21)

On the "wake" axis behind the point source (x1<0, y = z = 0), as indicated by for-
mula (19), the pressure becomes equal to infinity. This peculiarity of point

sources was noted earlier in [14], where an approximate solution of the problem was
analyzed.

3. Energy of Internal Waves Generated by a Moving Source

The energy equation follows from the initial system of equations. Tt can be written
in integral form ) '

d v g ' .
— —+—=—p*}+dopv=\| d*rpm=W,.
az'd”(z zmp) :I P ! P

In the case of stationary movement the first term in the equation becomes equal to
zero and there is an equality between the energy flux of internal waves through the
surface }} v and the work of a mass source during a unit time against the pressure
which it creates in the voiume V surrounded by this surface. Hereafter, for the pur-
pose of simplification, we will compute the last integral W.

Taking (1), (5) into account, the expression for the energy loss of a uniformly mov-
ing source W can be written in the form of an expansion in frequencies and wave
vectors . .
' W.=._t_m_'_. a°k dot (N*—0®) G (k, 0) | f(k) I*6 (0 —kv).

(2n)* Y
Due to the evenness of the operatori (see (1), (3)) the function G¥(k, <) is even
with respect to the components of the wave vector, and as is easy to see, a nonzero
contribution to W will be given only by its part odd with respect to frequency. Ac-
cordingly, in actuality in the formula for the energy loss

imy?

16

W=

J‘ d*kdow (N*—0") D (k, ©) |f(k) 16 (0—kv) (22)

we have the function D(k,«) = GF(k,w) - GF(k, ~w), which is related by the in-
verse Fourler transform to solution of the homogeneous equation D(r, t)

LD(r,)=0, AD|i—s=0, A(6D/dt)|,.y=b(r)
and has a simple explicit form (see [12])

D (k, 0) =—2ni sgn 0b(w*k*—N*k}—Nk}). (23)

This makes obvious.the sense of W as the energy loss in the generation of waves
since the ¢ -function characterizes some packet of free waves (D(r,t) is the solu-
tion of the homogeneous equation).
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In"t;he case of a point source all the integrations are removed due to the §-—
functions” and we have the externally simple result

=1MoP | rmrvt, _ (24)

that is, the energy losses are proportional to pressure at the source site. The
formulas in the preceding section indicate the infinity of this value. In such a
case a number of problems (such as the order of magnitude of the limiting transi-
tions and integrations)will need additional analysis. We note that with y—>0, z-»0 the
the expressions for p in formulas (14), (17) have a logarithmic singularity, where~

- as the divergence in (20) with x-»vt has a power-law character,

Now we will examine a very simple source with three-dimensional nonlocality, spe-
cifically, a spherically symmetric source (f(k) = pr(k)). Using formulas (22),
(23) for a source moving along the horizontal axis x, transforming to the spherical
coordinates k, ¥ , @ (kx = k sin ¥ sin 8, ky = k cos ¥ sin &, kz = k cos #) and
carrying out simple integrations for the angles ¢, 8 due to the two J - functions,
we obtain

p (k)

- IdiN’——’I. a2
2 @ TEr—N (25)
As a result, for the energy loss in a unit time on the generation of internal waves
by a horizontally moving nonlocal source from (25) we have the simple general for-

mula

_ e j apue(-ens). 26

For a source of a special type £(r) = 7 -3/2)-3 exp(-rzlﬂ 2) we have p (k) = exp
(—kzl /4), and the integral in (26) is expressed through the cylindrical function

m,’N’ N’I‘)K (m') '
W= 6:w ( ) R W 2n
which with a small and large value of the ratio of the source to the parameter of
its nonlocality gives
m*N ( MP) <Nl 8
—=eXp| —- » v Y 2
8i¥2xn 20 . . . (28)

r'g‘;'?m (X;’T) . e

From this result follows an important conclusion concerning the logarithmic diverg-
ence of energy losses at the limit of the point source (f— 0). The infinity of
the energy losses is typical in problems of wave generation by a moving point
source. In particular, as is well known [13, 15], for the Cerenkov radiation of
light waves by a moving point charge, if the dispersion of properties of the

. medium is not taken into account, this will be observed. In the case of internal

- waves considered here they have a strong dispersion also when N = const., However,
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as can be seen from (25), the dispersion of waves during horizontal movement leads
to the suppression of the contribution of long waves and does not change the log-
arithmic divergence of losses for a point source due to the contribution of short
waves.

4, Generation Pressure for Spherically Symmetric Source

For an evaluation of the part of the pressure py which is associated with the field
of waves generated by a moving source (gives a contribution to the energy loss on
wave generation) it is necessary, as is clear from the preceding text, that in the
general formulas the G¥(k,«w) be replaced by 1/2D(k, «}). Then from (5) we obtain

.'=_i_"_lu_. 3 — ikr,
T j Pk dow (N*—0?) D (k, 0) f (k) e (0—kv), (29)
which for a horizontally moving spherically symmetric source after introduction of
- spherical coordinates, integration for angles and replacement of the variables «/ =
N cos & , k = (N/v)ch B assumes the form
. mnNz &/2 © N .
| pw=m! da;"dpp(—v-chp)c(a, B)sin’a, 30)

i .

: Nz, Ny Nz
; C(x,B) cfos(—l)—cosa)cog( ” cosashﬂ)cos(—;—smachp).

Hence, in special cases along the y~-, z-axes for a point source we will have pre-
cisely the same results as in (14), (17), that is, the generation pressure coin-
cides with the total pressure. Such a coincidence will also be observed in a more
general case. The difference between the total pressure and the generation pressure

; can be represented in an integral form, similar to (29), with the replacement of
- 1/2D(k, w ) by the even (with respect to frequency) part of the function G¥(k, w).
‘ If the source has a "forward-backward" symmetry, then with x3 = O the integrand is
‘ odd (with respect to frequency) and the integral disappears. Accordingly, in the
transverse plane of symmetry of the source the total pressure coincides with the
seneration pressure. '

On the axls of movement there is no such coincidence of total pressure and genera-
tion pressure. As can be seen from (30), for a spherically symmetric source py(-x1,
¥,2) = pW(x1,Ys,2) » and in particular,

e 0= s (25N (Leng), )

4nz, v
0

whereas the total pressure on the axis of movement of the point source, according
to (20}, is infinite when x3<0 and assumes finite values when X1 > 0.

We note in conclusion that the change from a point source to a combination of
point sources in the form of a dipole does not do away with divergences and at
the limit of a point source intensifies them., Moreover, the generation energy
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remains infinite and for a source distributed along the axis of movement f(r) =
v(x)§(y) §(2)

mnl. » Ty o) It j-. dk 12)
- JaoT=ais (@) * | e (
° .

N/»

In this case, as for a point source, there is a logarithmic divergence of the sec—
ond integral in the case of large wave numbers (for short waves).
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- . UDC 551.46
GENERAL CIRCULATION OF THE WORLD OCEAN

Leningrad OBSHCHAYA TSIRKULYATSIYA MIROVOGO OKEANA in Russian 1980 (signed to press
- 17 Jan 80) pp 2-5, 252-253

[Annotation, foreword and table of contents from book "General Circulation of the
World Ocean", by V. A. Burkov, Gidrometeoizdat, 1800 copies, 254 pages]

[Text] Annotation. The book gives a description of general circulation in the
world ocean. The author presents the physiographic conditions for development of
general circulation of the world ocean, defines it, examines the mechanical and
thermohaline factors exciting general circulation, gives a brief overview of water
masses and their tracers, describes the field of masses in the world ocean, and
sets forth the method for formulating schemes of wovement from the surface to the
bottom of the ocean. The materials used in the work are characterized.

Macroscale schemes of general horizontal circulation of surface, subsurface inter-
mediate, intermediate, deep and bottom waters are analyzed and the vertical struc-
ture of currents and elements of vertical movements are considered.

- The book characterizes individual links in the gemeral circulatiom ~- ocean cur-
rents of different types: equatorial and tropical, monsoonal, easterly and west-
erly boundary currents in subtropical anticyclonic circulations.

The book is intended for scientific workers, graduate students and undergraduates.

Foreword. This book, "General Circulation of the World Ocean," is an attempt at
formulation and physical interpretation of the three-dimensional macroscale field
of movement in the world ocean.

Systematic descriptions of general circulation of the world ocean in monographs and

textbooks on oceanology [24, 44, 75, 106, 114, 143] have been incomplete with re-

spect to coverage of regions of the world ocean and to a considerable degree are
= outdated. Since the time of writing of these monographs the number of observa-
tions of the main oceanological characteristics (temperature, salinity, oxygen con—
tent, currents) has increased by several times, although their distribution over
the surface of the world ocean and in time still remains nonuniform., The over—
whelming number of observations are concentrated in the northern parts of the At-
lantic and Pacific Oceans and within these sectors the observations are concen-
trated in the coastal regions. The central parts of the oceans and the antarctic
waters are still poor in observations.
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In order to form a picture of general circulation of the world ocean it is pos-

- sible to use direct or indirect methods. The direct methods ir~' ue a generaliz-
ation of instrumental measurements of currents. However, there are still so few
such measurements that in the coming decades there will b no possibility of re-
creating the pattern of movement of ocean waters on their basis. An exception in
this respect is the surface layer of the world ocean, the scheme of currents for
which can be constructed using data on drift and deflection of ships. Such maps
have also been constructed before [132] and are included in the oceanographic
manuals mentioned above. A map of surface currents based on data on the drift and
deflection of vessels is also given in our monograph on the basis of the results
of modern computations made by Steed [136]. The characterizations of movements in
the water layer are given on the basis of indirect methods, that is, on the basis
of the results of one of the diagnostic models developed by the author [14, 15],
not using direct measurements of currents, but data on tbe wind and density of

ocean water related to the components of current velocities by hydrodynamlc equa-
tions.

But for the time being even indirect data are limited. And they are by no means
adequate for constructing even omne synoptic model of the world ocean, as is done
: for the atmosphere. At present indirect data can be used only in constructing the
i stationary circulation of the world ocean, generalizing all the observations
i made in the history of oceanology in the form of the mean long—-term annual values
of the characteristics, related to unit areas, which are selected in dependence
on the scales of movement, Exactly this is done in this monograph. For circula-
; tion schemes at the scale of the entire ocean we used the mean long~term annual
‘ values of the characteristics averaged for 5° spherical trapezia. For individual
regions of the world ocean it was possible to employ the mean long-term seasonal
values, related to 1° "squares."

In the critical evaluation of the results, in this monograph extensive use is made
of a comparison of the constructed circulation schemes and the distribution of
oceanological characteristics, primarily temperature, salinity and the oxygen con-
tent, using as a point of departure the concept of a close relationship between
the fields of these characteristics and the field of movement in a baroclinic
ocean.

The first five introductory chapters give the principal parameters of the world
ocean as a physiographic component of the planet, give some idea concerning station-
ary and nonstationary forms of movement of ocean waters and a detailed description
of the external factors exciting circulation, their relative contribution to the
resultant circulation, as well as an exposition of the method for computing gen-
eral. circulation and a brief description of the initial data.

Three large chapters give a systematic description, critical analysis and the basic
results for the three-dimensional field of movement dn the world ocean: horizontal

circulation of surface, subsurface intermediate, intermediate, deep and bottom
waters, elements of vertical movements and the vertical structure.

As a result of rather rough averaging the pattern of general circulation of the
world ocean obtained by computations naturally has a schematic character, although
| it satisfies the perception of its principal characteristics. However, in order to
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collate it with the real pattern the book is supplemented by a large special
chapter entitled "Currents in the World Ocean." In this chapter, insofar as pos-
sible, a description is given of individual currents on the basis of unaveraged
observations of one or more expeditions or on the basis of mean data, but matched
with the spatial scale of a particular current. This chapter also gives instru-
mental observations in order to characterize, unfortunately, those few currents
for which they have been made. Thus, the reader will find material on how to pro=
ceed from the generalized pattern of general circulation to really existing flows
in the world ocean.

In conclusion, the principal conclusions from the work are presented.

This book continues and generalizes studies made earlier devoted to the general
circulation of individual oceans: Atlantic [8], Indian [17, 66], Pacific [13, 14]
and even the world ocean [20]. The latter study of the macroscale characteristics
of circulation of waters in the world ocean was presented in a preliminary and
concise form. Thus, our monograph reflects the sequence of the entire direction
of investigation and generalization of genmeral circulation in the world ocean.

Due to the limited volume of the book, except for the chapter "Currents in the
World Ocean," preference is given to original text and original illustrations. Re=
views of the literature on the development of concepts concerning general circul~
ation of the world ocean have been omitted. The first five introductory chapters
deal only with those problems which are necessary for exposition of the main

theme. In the remaining chapters, devoted to general circulation, comparisons of
the newly obtained results with those obtalned earlier are alse limited, The auth-
or hopes that the book will come into the hands of an adequately tiiined reader
capable of comparing the information obtained earlier with the results in this book
and will evaluate them successfully. Along the lines of emphasis on the exposition
of new results the bibliography is kept relatively modest. However, it contains all
the main sources relating to general circulation, although it makes no pretense to
completeness with respect to ocean physics and dynamics. On the other hand, the
chapter "Currents in the World Ocean" makes extensive use of the sources in the
literature, drawing upon fresh and reliable observational data.

This work on general circulation of the world ocean did not begin from scratch. In
this monograph the author uses accumulated knowledge both on the actual pattern of
circulation and on its physical nature. A generalization of this information is ac-—
complished in part in the first five chapters of the monograph, which also contain
some original results obtained by the author. Accordingly, the conclusion of the
book must be regarded as a brief summary of our ideas concerning general circula-
tion of the world ocean as interpreted by the author.

The description of general circulation is limited to three large oceans: Atlantic,
Indian and Pacific, although, to be sure, their antarctic sectors are included.

The Arctic Ocean is not included in the book because the author has not investigated

it himself and did not wish to present a compilation. However, the Arctic Ocean can
be regarded as a mediterranean sea, not formally, but from an oceanological point

of view. And there are four such large mediterranean seas in the world ocean: the
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Mcdliterranean Sea, Caribbean Sea, seas of the Sunda Archipelago and the Arctic
Ocean. In the author's opinion, physical oceanography of these mediterranean
seas can be the subject of a separate book.

To be sure, without the assistance of the staff of the Institute of Oceanology

imeni P

. P. Shirshov USSR Academy of Sclences the author would not have been able

- to handle such an enormous volume of material as was necessary for describing and
analyzing the gemeral circulation of the world ocean. The collection, systematic
arrangement and processing of data on temperature, salinity and currents is but a
small part of the work, in which many speclalists participated. The author ex~

presses

deep appreciation to them. Among them, the author especially wishes to

not= the direct and constant assistance of V, S. Fedorov, A. I. Kharlamov, I. G.
Usychenko and Ye. G. Morozov, who assisted with computations on an electronic com—

puter.

The author is also deeply appreciative to Corresponding Member USSR Academy of Sci-
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TERRESTRIAL GEOPHYSICS

COLLECTION OF ARTICLES ON GEOPHYSICAL PROBLEMS

Leningrad UCHENYYE ZAPISKI LENINGRADSKOGO ORDENA LENINA I ORDENA TRUDOVOGO KRAS-
NOGO ZNAMENI GOSUDARSTVENNOGO UNIVERSITETA IMENI A, A, ZHDANOVA: VOPROSY GEOFIZIKI
in Russian No 404, Issue 28, 1980 (signed to press 6 Feb 80) pp 2, 238-247

[Annotation and selected abstracts from collection "Problems in Geophysics", edited
by G. V. Molochnov, professsor, and A. S. Semenov, professor, Izdatel'stvo Lenin-
gradskogo universiteta, 714 copies, 248 pages]

[Text] Annotation. The collection contains articles written by specialists of the
Department of Physics of the Earth of the Physics Faculty of Leningrad State Uni-
versity and specialists of the geophysical departments and laboratories of the
Geology Faculty of Leningrad State University. The published articles give a
thorough review of the status of the problem of tidal phenomena and it is shown
that the latter can be used in obtaining information on the internal structure of
the earth; a physical mechanism of change in the magnetic states of rocks is pro-
posed; a number of problems involved in the analysis of models of the earth's con-
ductivity, solution of the direct and inverse problems in magnetotelluric sounding
in inhomogeneous media, solution of the inverse problem in magnetometry, use of
variable electromagnetic fields in study of the sea, and also detection of the
noise arising during the registry of long-period oscillations of the earth are
considered.

The collection is intended for scientific specialists, graduate students, students
in advanced courses concerned with study of physics of the earth and engineers
specializing in geophysics.
SELECTED ABSTRACTS
UDC 660.38.550.8
MEASUREMENTS OF MAGNETIC SUSCEPTIBILITY OF ROCKS UNDER NATURAL CONDITIONS
[Abstract of article by Kudryavtsev, Yu. I., and Miklyayev, Yu. V.]

[Text] The authors ecxamine examples of application of the method for measuring mag-
netic susceptibility of rocks under natural bedding conditions. The results of

profile measurements of magnetic susceptibility are used in increasing the effect-
iveness of interpretation of magnetic field curves. On the basis of the distribu-
tion of magnetic susceptibility values at the surface of an intrusive formation it
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is possible to discriminate individual mineral facies and zones of mylonitization,
evaluate the degree and depth of near-contact changes, and establish the charac-
teristics of the internal structure of intrusive bodies. 4 figures, 8 references.

UDC 550.832.8.08

VALIDATION OF APPARATUS FOR INDUCTION MEASUREMENTS OF MAGNETIC SUSCEPTIBILITY AND
CONDUCTIVITY OF A MEDIUM

[Abstract of article by Kudryavtsev, Yu. I.]

[Text] The article gives a block diagram of an instrument for measuring magnetic
susceptibility and conductivity of a medium and a circuit diagram of the probe.

In the instrument provision is made for stabilizing the amplitude of the magnetic
moment of the generating coil, the reference and compensating voltages, regardless
of the effect of the investigated medium. In addition, a constant phase ratio is
maintained between the magnetic moment and the reference and compensating voltages,
as well as the measured emf. As a result, there is an increase in accuracy, phase
gselectivity and response of the measurements. 2 figures, 9 references.

UDC 550.835.002.56

ROENTGENORADIOMETRIC SENSORS WITH TWO-STAGE EXCITATION FOR THE TESTING OF ORES IN
MINE WORKINGS AND IN BOREHOLES

[Abstract of article by Meyer, V. A., Nakhabtsev, V. S., Ivanyukovich, G. A., and
Krotkov, M. I.]

[Text] The authors describe the design and characteristics of semsors for the test-
ing of ores developed at Leningrad State University. In the sensors for the excita-
tion of fluorescence of the elements to be determined use is made of the secondarv
emission of the target, which, in turn, is excited by a radioisotope source. Pro-
vision is also made for the use of the primary emission of the source for irrac.a-
tion of the investigated medium. The use of two-stage excitation makes it possible

- to enhance the response and selectivity of roentgenoradiometric analysis. 4 figures,
5 references.

UDC 550.831(075.8)
DETERMINATION OF THE PARAMETERS OF AN OBLIQUE THIN ‘STRATUM FROM GRAVITY ANOMALIES
[Abstract of article by Mironov, V. S.]
[Text] A geometrical method is proposed for determining the parameters of an ob-
lique material band from its gravity anomalies, This method can also be used in

determining the parameters of strata with an infinite extent in depth on the basis
of anomalies of the gravity gradient.
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UDC 550, 834.24
LOW~VELOCITY INTERFERENCE WAVES 1IN SEISMIC PROSPECTING. I. SURFACE WAVES
[Abstract of article by Rudakov, A. G.]

[Text] The article gives an analysis of the problem and methods for studying low-~
velocity interference waves in different stages of development of seismic pros-—
pecting by the reflected waves method. The author gives a substantiation of the
need for a new approach to study of waves of this class in connection with a uni-
versal changeover to modifications of multiple overlappings in the common deep
point method. In the first (published) part of the article the emphasis is on sur-
face waves: their characteristic properties (range of apparent velocities, appar-
ent periods, positions in the plane of the travel-time curve), the patterns of cor-
relation of these properties with the properties of high-frequency registry, and
also existing concepts concerning the nature of waves of this type. 4 figures, 45
references.

UDC 550.312;528.27;528.56
TIDAL PHENOMENA
[Abstract of article by Lin'kov, Ye. M.]

[Text] An investigation of tidal phenomena, such as earth and ocean tides, tidal
changes of the rate of the earth's rotation, tidal friction, etc., is a vigorous-
ly developing field of tervestrial physics. The article reflects virtually all as-
pects of this interesting and important problem. Russian and Soviet geophysicists
have made a major contribution to solution of this problem. The article gives a
description of tidal phenomena and formulates the basic principles in the statis—
tical theory of tides. The Laplace method is examined and the characteristics of
the principal tidal waves and the dependence of their theoretical amplitudes on
latitude are considered. The basic principles of the Love theory are given, illus-
trating the possibility of determining Love numbers from tidal phenomena. Experi~
mental results of determination of Love numbers are also given. Also considered
is a method for taking into account the influence of ocean tides on earth tides.
The influence of inertial accelerations on gravimeter readings is also evaluated.
The nature of tidal friction and its role in secular slowing of the earth's rota-
tion is described. The influence of earth and ocean tides on secular slowing of
the earth's rotation is considered. In conclusion, the results of investigations
of tidal phenomena are summarized. 12 figures, 3 tables, 40 references.

UDC 550.830:519

INFORMATION CONTENT OF COMPONENTS OF THE MATN COMBINATIONS OF SECONDARY CRITERIA IN
DISCRIMINANT PROBLEMS IN MAGNETOMETRY

[Abstract of article by Zhezhel', N. F., and Zhezhel', Yu. N.]

[Text] The authors discuss methods for evaluating the information content of sec-
ondary criteria in interpretation problems related to determination of the qualit-
ative state of the investigated object or medium. Tt is shown that for practical.
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purpouses instead of evaluations of the information content of criteria considered
separately it is desirable to use evaluations of the probability of the occurrence
of the analyzed criteria in different effective groups, averaged for a series of
problems. 4 figures, 2 tables, 3 reterences.

UDC 550.837.6

DETERMINATION OF THE DEPTH OF A CONDUCTING LAYER FROM THE RESULTS oF
MAGNETOTELLURIC SOUNDING IN MEDIA CONTAINING SURFACE INHOMOGENEITIES

[Abstract of article by Porokhova, L. N., and Pogareva, 0. I.]

[Text] The paper gives the results of interpretation of two model sections com—
plicated by inhomogeneities of the bench type and the graben-bench-horst type

with a horizontally polarized field using statistical interpretation algorithms de~
veloped for horizontally layered media. It is shown that the joint interpretation
of the complex of curves on the profile, complicated by horizontal inhomogeneities
causing the "S effect," makes possible a quite precise determination of the para-—
meters of the conducting layer without recourse to complex solutions of the di-
rect problem. 4 figures, 1 table, 3 references.

UDC 550.837.61

ELECTROMAGNETIC FIELD OF THE VERTICAL HARMONIC MAGNETIC DIPOLE AT THE SEA-
BOTTOM DISCONTINUITY

[Abstract of article by Molochnov, G. V., Katkov, V. N,, and Radionov, M. V.]

[Text] In this article numerical data are used in an analysis of the behavior of
the electromagnetic field of a harmonic magnetic dipole situated at the sea-bottom
discontinuity. Cases of different conductivity of the sea floor are examined.

1 figure, 1 reference.

UDC 550.34
SPECTRAL COMPOSITION AND NOISE LEVEL ON RECORDS OF A LONG-PERIOD SEISMOMETER
[Abstract of article by Petrova, L. N., and Lepeshkin, F. G.]

[Text] The mean spectra of seismic noise and microvariations of atmospheric pres-
sure in the range 10-60 minutes are given. The authors give comparisons of the
spectra of seismic oscillations and magnetic field variatioms, as well as the
levels of spectral amplitudes of noise and long-period seismic oscillations (use-

- ful signal). The conclusion is drawn that in the absence of a useful signal the
seismic record to a considerable degree is a result of changes in atmospheric pres-
sure on the instrument and soil. No influence of magnetic field variations omn
seismometer readings was discovered. Noise data make it possible to correct the
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spectra of long-period oscillations, and accordingly, determine their parameters
more precisely. 2 figures, 4 references.

UDC 550.837.6

BEHAVIOR OF MAGNETOTELLURIC SOUNDING CURVES IN COASTAL REGIONS ON THE BASIS OF
THE RESULTS OF MODELING

[Abstract of article by Dobrovol'skaya, M. A., Kovtun, A. A., and Kokvina, Ye. D.]

[Text] Magnetotelluric sounding curves near several types of characteristic sea
sections (in a model) are examined. The behavior of these curves is analyzed as

a function of the distance of the sounding point to the boundary of the inhomo-
geneity and the depth of the sounding point. As a result of the analysis some
recommendations are given on carrying out magnetotelluric soundings in the coastal
regions. 2 figures, 5 references.

ubDC 550.837

USE OF THE SLOPE OF THE MAJOR AXIS OF THE MAGNETIC FIELD POLARIZATION ELLIPSE IN
FREQUENCY SOUNDING

[Abstract of article by Molochnov, G. V., Radionov, M. V., Seku, Konate]

[Text] The author examines the possibilities of carrying out frequency soundings
with measurement of the slope of the major axis of the polarization ellipse of a
vertical magnetic dipole to the horizon O( . On the basis of an analysis of the
computations a study was made of the behavior of the angle over two-layer mgdia
with poorly and well-conducting bases. The effective characteristic ,0/01(h/hy)
is introduced. The dependence of effective resistivity on the effective depth of
penetration of the electromagnetic field is given; it is simple and convenient to
use in interpretation. An investigation of the behavior of the JJ P71(ii/h1) curves
made it possible to develop isoparametric frequency-distance soundings in the zone
of mean parameters. 4 figures, 1l references. “

BAROVARIATIONS AS NOISE IN LONG-PERIOD SEISMIC OBSERVATIONS
[Abstract of article by Kozhevnikova, E. G., Orlov, Ye. G., and Lin'kov, Ye. M.]
[Text] The article describes the design of a microbarograph with a magnetron con-

verter, methods for calculating the characteristics of the pressure elements and
calibration of a concentrated load. The spectra of barovariations in the range of

periods 200-5000 secc are given. 2 figures, 7 references.
COPYRIGHT: Izdatel'stvo Leningradskogo universiteta, 1980
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UDC 550.837
INTERPRETATION OF LOCAL GEOMAGNETIC ANOMALIES BY THE ¥ CONTRACTING SURFACES' METHOD
Novosibirsk GEOLOGIYA I GEOFIZIKA in Russian No 12, Dec 80 pp 106-117

[Article by M. S. 7hdanov and I. M. Varentsov, Institute of Terrestrial Magnetism,
Tonosphere and Radio Wave Propagation, Troitsk, Moscow Oblast, manuscript sub-
mitted 21 Sep 79]

[Text] Abstract: The author proposes an iteration

algorithm for determining the form of a
local deep geoelectric inhomogeneity situ-
ated in a layered medium under the condition
that the parameters of the layers (their con-
ductivity and thickness), and also the excess

- conductivity of the inhomogeneity are known.
The form of the inhomogeneity is determined
in the process of minimizing the functional
of the mean square deviation between the ob-
served and model fields. The minimizing prob-
iem is solved by the gradient method. The de-
scribed algorithm is applied in the form of a
program in FORTRAN-IV language, intended for
the interpretation of two-dimensional E-polar-
ized fields.

The most important problem involved in modern methods of geoelectric exploration

is a study of anomalies of the variable geomagnetic field caused by horizontal in-

homogeneities of the geoelectric section. As is well known, geomagnetic anomalies,

in accordance with the nature of the sources causing them, can be divided into

. two groups: surface and deep [2, 9, 10, 15]. The first group includes anomalies
associated with inhomogeneity of the surface layer of the earth's crust; the sec—
ond are anomalies caused by deep inhomogeneities in the earth's crust and upper
mantle.

In most cases the interpretation of surface anomalies essentially involves a deter~
mination of the total longitudinal conductivity of the surface inhomogeneous layer
of the earth, which can be doune using integral transforms of the observed field
{10, 11, 16, 20, 21].

The problem of interpretation of deep geomagnetic anomalies is more complex. The

author of [9] procposes a method for its solution based on an analytical continua-
tion of the field into the lower half-space. An analysis of the vector lines of
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the analytically continued electromagnetic fields in some situations of practical
importance makes it possible to determine the position and form of deep inhomo-
geneities [23],

For a more detailed determination of the configuration of deep geoelectric inhomo-
geneities it is desirable to employ the ideas of the trial and error method, wide~
ly employed in different geophysical investigations and making it possible to cor-
rect the configuration of the region with anomalous conductivity on the basis of a
comparison of the theoretically computed fields and the results of practical ob-
servations. This article is devoted to further development of these methods.

Formulation of Problem

We will examine a two-dimensional model of the geoelectric section consisting of a
conducting horizontally layered earth with z = 0 in contact with a homogeneous non-
conducting atmosphere. The conductivity (07, n = 1, N) and the thickness (hp, n
=1, N-1, hN =) of the layers in the model are assumed to be known. Assume
that in the earth there is a geoelectric inhomogeneity Q characterizing a con-—
ductivity different from a normal distribution:

- ‘0,., roe£Q
’ (rq) - [Un +qA°' (;q)i ;q & Q.

Here T, is the radius-vector of the observationm point and Ao (?q) is an arbitrary
function describing anomalous conductivity.

(1)

The field is excited by extraneous electrical currents distributed in the P region
of the atmosphere. The dependence of the field on time is expressed by means of
the factor e—iwt, The permeability in the entire space is constant and equal to

Po = 4n «10-7 H/m. We will neglect displacement currents. We will assume that the
field and medium are homogeneous along the y-axis, that is, we will solve the prob-
lem in a two-dimensional formulation. We will limit ourselves to examination of the
most interesting case of E-polarization.

Assume that in this model we know the synchronous values of the magnetic field "
on some profile L on the earth's surface in the range of frequencies §), the para-
meters of the normal geoelectric section {_O’n, hn} and the form of the functional
dependence of anomalous conductivity Ao on the coordinates of the observation
point. The problem is to determine the boundary of the region Q caaracterizing
this anomalous conductivity.

In formulating the problem the question naturally arises as to the uniqueness of
its solution. In the theory of potential fields the anawer to this question is
given by the Novikov theorem [13], guaranteeing uniqueness of solution of the in-
verse problem for stellate bodies with a known distribution of excess density. In
the theory of electromagnetic fields there is no such theorem and therefore the
problem, in essence, is to find one of the possible solutions (the inverse problem
is formulated in a similar way in the method proposed by Weidelt [21]). In addi-
tion, under the condition that the electromagnetic fields are measured on some
extensive profile on the earth's surface in some range of periods, there is every
basis for assuming that this information is adequate for an unambiguous determina-
tion of deep inhomogeneities. In particular, P. Weidelt demonstrated the uniqueness
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of solution of the inverse problem for the case when the conductivity of the sec-
tion is described by an analytical function [22].

1n solving the formulated problem by the trial and error method it is necessary to
compare the observed fields with the results of numerical computations. A rigorous
solution of the direct problem for the region of any inhomogeneity of a quite arbi-
trary configuration requires an examination of rather complex systems of integro-
differential (or finite difference) equations [6, 7, 18, 19, 21]. Accordingly, in
formulating effective trial and error algorithms it is desirable to use simpler ap-—
proximate approaches to solution of direct problems. In particular, in some situ—
ations with a relatively small extent of the region Q in comparison with the wave
length a sufficiently precise approximation can be obtained if in solution of the
integral equations by the "econtracting images" method we limit ourselves to the
first iteration [3, 5, 7, 12]. Physically this means that we stipulate the excess
currents joy induced in the region of the inhomogeneity Q, proportional to the
normal electric field. In particular, with E-polarization

Jex = ©s Jexs 0)s
and the scalar function fgoy can be approximately determined using the formula
Jex = AO'E;' (2)
where E;,‘ is the normal electric field.

The distribution of the normal electric field EY in a layered earth is determined
by well-known methods [, 8, 23] by analytical continuation of the normal compon-—
ent of the electric field, discriminated from the observed field at the surface,
within the earth. Thus, the inverse problem in the analysis of deep anomalies is
reduced to the finding of the boundary of the region Q characterizing the distrib-
ution of excess conductivity Ac. The excess currents flowing in the Q region can
be considered as extraneous currents exciting the deep anomalous field. According-
1y, the problem involves determination of the configuration of the Q region filled
with extraneous currents of a known density.

- We note, finally, that in a theoretical investigation of the formulated problem it
is convenient to operate not with the magnetic field H itself, but its flux func-
tion ¥, which in the region of homogeneity of the medium unambiguously determines
the components of the electromagnetic field: g _ gw/az, II, = —0¥/dx, E, = —iop V"

Determination of the Boundary of the Region Filled With Excess Currents

A
Assume that we know the flux function Y of a deep anomalous field on some profile L
on the earth's surface in the range of frequencies J2. In addition, we know the den-
sity distribution of the “axtraneous" excess currents jex flowing in the region

~

Q, whose boundary is to be determined.
Henceforth we will assume that this region is stellate relative to some internal
point 0, whose coordinates are stipulated. At the point O we place the o;\igin of a

- polar system of coordinates (P,P) and we describe the boundary of the Q region
in these coordinates by the equation

p=19.
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The problem is as follows: on the basis of the known function l[, find the boundary
of the anomalous region (, that is, determine the unknown function f(?).

A A
We will limit ourselves to finding the function f describing the boundary of Q in
the class of continuous functions F:

F={flg): i) >0, flo+2n)={lg), —n<o=< n},

Each function f from F in polar coordinates fixes the boundary JQf of some region
Qf. The flux function of the corresponding magnetic field, excited by the currents
jexs flowing in the regilon Qf, is determined in the following way:
) 2 f(m) ’ )
[U36 = ex] ¥ () = | f jnss (™) Gn (. ) pdpdp, (3)
- 0

where Gn(_z—', —fm) is the Green's function of a layered (normal) sectior, and r" is
the radius-vector of the current integration pcint m&Qs with the coordinates (P,

).

For effective solution of the direct problem we will examine a representation of
Green's function in the form of the Fourier integral

Gu(r ™) =0Go(z, z;7™) = zﬂi j‘ gk, 2, 7%) e =gy,
in which the spectral density g, (kx, z, ™) is expressed relatively simply through
the elementary functions [21], and it can be computed using an economical FFT (fast
Fourier transform) algorithm., After transposition of the Fourier transform opera-
tion and integration in (3), we obtain a formula which is simpler from the computa-
tional point of view e mAe) L
¥, (7) = ¥y (z,2) = i}t—f e_’"‘*"f 5 inss (27) ga (R, 2,7) pdpdepdes.

N — ’ . :

(136 = ex] -% 0 (3a)

In the class F we will seek such a function f for which the corresgonding flux
y!'f‘ is sufficiently close (in some metrics) to the flux function Y of the field

stipulated at the earth's surface. The measure of closeness of the observed and
theoretically computed fields for simplicity will be taken in the metrics of the

complex space L2[d, x]: — —
”‘I’“:]/iil‘lflzdrdm: “/‘Si‘}’-‘y*dxdm, .

where the asterisk denotes a complexly conjugate value, S and L are the interval
of frequencies and the observation profile, for which the ¥ function is known.

Thus, the problem is to find such a function £ for which

”‘*’7—¢'"<%“"f’ﬂ. ‘ (5)

where 80 is the required relative approximation error, determined by the accuracy
§ in stipulaiing the initial data.

A
In solving the problem of the choice of the function fj we will construct the fol-

1owiy.A§ iteration process. Assume that we know some approximation fi to the func-
tion f. We will seek the (i + 1)-st approximation from the condition:
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1y, — Pl<l¥y —¥].
If we introduce the quadratic functional I[ £] into consideration
. 1 =1, - Wi (6)
the condition (5a) is written in the form
i) < ILf). (7

- Thus, we will construct a series of functiomns {fi, i=0,1, 2,..9_] minimizing
the functional I.

Here it must be noted that the problem to be solved, like most inverse problems
in geoelectrics, is incorrectly formulated. Accordingly, the direct minimizing of
the functional I, complicated by errors in observation and computations, can be
reduced to unstable, geologically meaningless results. In order to obtain stable
results it is necessary to apply the methods for regularization of incorrectly
formulated problems. We will seek a regularized solution of the problem of choos-
= ing the configuration of a deep geoelectric inhomogeneity by ninimizing the A. N.
Tikhonov parametric functiomal [17]:

Ml =If1+aQlf] . (8)

with a corresponding value of the regularization parameter %= 2 (J). The stabil-
izing functional S2[£], conforming to [4], is stipulated in the form

Qi =1/ —folt = | (f—fodo. )

where fy is the initial approximation from the class F, stipulated on the basis of
a priori geological-geophysical information.

We will construct the iteration process of minimizing the functional My with a fix-
ed value of the & parameter. The common term of the minimizing sequence {_fi} will
be examined in the form

f{+1 (<P)=fa(¢)+ tli'g/{(q’)* if—:o'i‘z"' * (10)
- llere ggj () are the functions of the increments, determined in the class of con-
tinuous functions G: G ={glg) : glo+2n) =glg), ~—n< @< a} N
; .
with the uniform metrics lel = max [g(9)l,
—n<P<H

tg, is some set of positive constants, denoting the value of the approximation in-
tervals, If the constants tf; are sufficiently small, the functions fj, the same
as fg, belong to the class F.

We will compute the functional M for the function fj,;. Due to the differentia-
bility of this functional, the following representation is correct:

- Mo \fiadl = Malfil + tr, M2 [fi8r] + i (fe ), (11)
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in which M(ol‘)[fi, gfy] is the firsc variation of the functional My, determined
by the expression

M g1 = lim - (Mo [1i+ tyey] — Ma1f) =
n (12)
= 2_.‘,‘ &1 {f{k[ Re (juao (_r/‘)_j[‘l’/{ - \'l\']'G,.\ (;, ;,i) da:) do+ a(f; — jo)} do,
where ;fi is the radius-vector of the point with the coordinates (£{(%), ¥).

Equation (11) shows that with sufficiently small tjq the minimizing condition

Mﬂ[fﬂ-l] < Ma[f«] . (13)
1 .

is satisfied as soon as

M3 (i, &1] <O. I~

In order to satisfy the latter condition it is sufficient to stipulate the fuac=-
tion of increments gg; in the form

8= — | hy;[Psignhy, @15)

where hy, = + f,é‘ Re(j,,ao (rs) ! [¥r,— ¥)'6, (T 713) dz) do + a (fi — fo),

[H36 = ex] B = const = 0. . g (16)

With such a determination of the function gf; the first variation of the functional
My is equal to

no [f., g]=—2 f 2 [+8dg <0, an

from which it follows that the inequality (14) is satisfied provided that hg =0
(and accordingly, gi;wkO).

For determining the tg 1 value we will examine the function
@ (t)= Ma[fi+ &1]

and we will seek tg from the minimum condition é(t). For sufficiently small t a
minimum always exists due to the negative value of the first variation of the
functional My and formula (11). The problem of one-dimensional minimizing is
solved by standard methods [14].

The formulas (10)-(15) make it possible, proceeding on the basis of some initial
approximation fg&F and the initial interval tg,, to construct a series of func-
tions {fi} minimizing the functional My . These functions in space describe cyl-
indrical surfaces contracting toward the surface of the anomalous region Q Ac-
cordingly, the proposed method was given the name "contracting surfaces method,"

The described iteration process with a fixed & parameter is completed under the
condition
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M= fooll < s, (18)

where 8170 is some stipulated value. The optimum value of the regularizatiofl
parameter & is selected from the series [lxp] , converging to zero,

®pyy = Ulp, p=11 27«--; 0<Pv<1~ (19)
For each value of the parameter ®= &  there is a minimizing of the functional
Mpe . [£] by the described scheme. The result of the minimizing -- the function fu
- gs used as an initial approximation for minimizing the functional Mg +1[£]
(for the functional Mpcq[f] the initial approximation is the function f3). As the
quasioptimum regularization parameter Oéqo, for which the corresponding, function
of the series folp} is closest to the precise solution of the problem f, we
select, conforming to [4], the parameter °‘qo’ for which there is satisfaction of
the condition

0 (txo, 6)= m:nﬂfap—x - f“p “ (20)

[KO = qo = quasioptimum]
The function jfv= £oegae corresponding to the parameter “qo’ is a quasioptimum
approximation to the f solution.

a Spectral Modification of Method

- The computation scheme for the “eontracting surfaces method" can be simplified by
proceeding to an anmalysis of the spatial spectra of the observed electromagnetic
fields. Assume that in some range of space frequencies K = (k'y, k",) we know the
function ¥ — the Fourier transform along the x axis of the flux function ’g/ .
considered above, : ‘ '

@ (kx, 2) = Fx [{f! (z, z)] = S ¥ (z, z) et
The "spectral" direct proBlem Y = F[fo] is solved using a formula following
) from (3), (3a): I , .
- [M36 = Yy (kx, 2) = § f Jus6 (;M) &n (k;, z; ;M) pdpde. (21)

= ex] 2

The latter formula no longer contains the Fourier transform operation; therefore,
the volume of the computations is substantially reduced.

We will examine the quadratic functional
.7[f]="1p,—-—1’p\ll’, N .. (22)

determining the measure of closeness of the Fourier transforms of the observed and
computed fields, in the metrics of the complex space Lol w, kx]:

Iol= ‘/ [ Tivpakado= V/ [T wwrdido. 25

A comparison of expressions (22), (23) with (4), (6) reveals a great similarity
between the fun~tfinal I[f] and its spectral analogue &7 [f]. Moreover, in the
special situation whenL = (~c,c0 ) and K = (-0, 00 ) these functionals are
equal due to the well-known Parseval equation. Therefore, for solving the problem
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of minimizing the J functional it is natural to use the regularizing procedure
described above. In this case it is necessary only to replace I[f] in formulas
h (8)~(20) by T [£1, Yoy ¥, xE L by keK, Gy ¥ 8o

Imh,
Re h,

arnin? 1

oy

- Fig. 1. Determination of form of conducting circular cylinder by the "contracting
: surfaces method.”" 1, 2) curves of real and fictitious parts of spectrum of ver-
tical component of magnetic field h, at earth's surface; 3) boundary of cylindrical
inclusion; 4) result of solution of inverse problem with regularization; 5) same,
without regularization; 6) initial approximation; 7) values Re h,, Im hz, computed
for model 4; specific conductivities of inclusion 0‘1 and surrounding medium O
(and so forth in figures).
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Fig. 2. Determination of configuration of rectangular inclusion of anomalous con-
ductivity by "contracting surfaces method." 1, 3) curves of real and fictitious
parts of spectrum of flux function y“f of magnetic field at earth's surface; 2, 4)
same curves, complicated by 10% error; 5) boundary of rectangular inclusion; re- |
sults of solution of inverse problem; 6) according to precise data; 7) according
to approximate data; 8) initial approximation; 9) values Re ¥, Im 4, computed
for model 6; 10) same for model 7.

Examples of Interpretation of Deep Anomalies by "Coantracting Surfaces Method"

On the basis of a spectral modification of the "contracting surfaces method" the
INEMTA program, written in FORTRAN-IV language and applied on a YeS-1010 electron-
ic computer, was developed. It makes it possible to carry out an interpretation
of anomalies of two-dimensional E-polarized flelds (Hx, Hz, Ey, Y) on the basis of
the corresponding space spectra. i

The program was tested in a aumber of models of deep electromagnetic anomalies.
- The first example (Fig. 1) illustrates the need for using regularizing algorithms
in determining the configuration of deep geoelectric inhomogeneities. The model
consists of a homogeneous earth containing an anomalous region in the form of a
horizontal circular cylinder. The solution of the inverse problem, without regular-
, jzation (X = 0) leads to a result differing greatly from the true configuration of
y | the inhomogeneity. The standard deviation of the spectrum of the observed field
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from the theoretically computed field for the model obtained in the course of solu-
tion of the inverse problem of the model is only 2%, which indicates a high degree
of instability of the problem., At the same time, the use of a regularizing algo-
rithm makes it possible to obtain entirely satisfactory results.

—0,025 g 0025 -0,025 0 0,025 x,

/7’6_. ~ . 7 P i ~
s N 6=0 ¢4 ~

Fig. 3. Solution of the inverse problem by the "contracting surfaces method" with
automatic correction of the position of the pole of the coordinate system. 1) cur-
rent position of pole of coordinate system; 2) boundary of conducting inclusion;
3) initial approximations for each position of pole; 4) initial approximation; 5)
indicator of initial approximation for each position of pole; 6) indicator of fin-
al result; the numbers on the curves represent the relative error of the approx-
imation, %.

Figure 2 shows a model in which the homogeneous conducting earth contains a rec-
tangular inclusion of anomalous conductivity. The inverse problem was solved by
the "contracting surfaces method," first using the precise values of the space
spectra of deep anomalous electromagnetic fields, and then using the values of
the spectra, complicated by a 10% random error. The results presented in Fig., 2
show that despite the presence of a great error in the initial data, the inter-
pretation in the second case, by means of the regularizing algorithm, makes it
possible to solve the inverse problem almost with the same degree of accuracy as
in the first case (with precise stipulation of the space spectra).

In the examples considered above, in accordance with the general theory of the
method, the pole of the polar coordinate system (P, P) was stipulated within the
inhomogeneity Q. If it is erroneous to stipulate it outside the inhomogeneity,
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the iteration process leads to a solution which is sharply asymmetric"relative
to the pole and which does not reflect the true configuration of the Q region.
However, in such a situation it is possible to make a correction to the position
of the pole on the basis of an analysis of asymmetry of the contracting surfaces
{.fi}- This operation is algorithmically realized in the following way. As an
evaluation of the asymmetry of the function £5(¢) we use the expression

Alfd= max L8 (24)

oEl—=x,n3 1 (o— n)°
In a case when

Alf] > 8,, 6,=const >1,

the pole is shifted from a point with the rectangular coordinates (5,0, go) to a
point with the coordinates: £, =+ [f«(q)o)—l«(tpo—ﬂ)] C0S Po,

ty= Lo+ [filgs) — filgs — )] sin o,

where P, is the extremal value of the angle ¢ for expression (24) and the func-
tion fi is scaled to a new pole (£1, ; 1). In a case when A[fi]<51, the position
of the pole does not change.

The effectiveness of the described procedure for correcting the position of the
pole can be seen from the example shown in Fig. 3,a, where the initial informa-
tion used was the values of the flux function for the magnetic field at the earth's
surface caused by a semicylindrical inhomogeneity of conductivity C7, complicating
a homogeneous half-space of condvctivity O g. The initial approximation here was
taken outside the anomalous body, but after a number of iterations we obtained an
entirely satisfactory result. Figure 3,b shows the solution of a similar problem
using a modified correction procedure in which for each new position of the pole
the initial approximation is stipulated in the form of a circular cylinder equiv-
alent in area to the area of the body obtained in the preceding iteration interval,

The cited examples show that the ''contracting surfaces method" is quite resistant
to errors in stipulation of the initial approximation and cam be used both for de-
termining the position of the geoelectric inhomogeneity and for more precise de-
termination of its configuration.
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PHYSICS OF ATMOSPHERE

LOW-FREQUENCY WAVES AND SIGNALS IN THE EARTH'S MAGNETOSPHERE

Moscow NIZKOCHASTOTNYYE VOLNY I SIGNALY V MAGNITOSFERE ZEMLI in Russian 1980 (sign-
ed to press 10 Jul 80) pp 3-4, 153-156

[Foreword, table of contents and abstracts from collection "Low-Frequency Waves and
Signals in the Earth's Magnetosphere", Izdatel'stvo "Nauka", 850 copies, 156 pages]

[Text] Foreword. This collection contains articles which discuss different aspects
of investigations of low-frequency wave phenomena in magnetospheric plasma.

This problem is attracting interest due to the great quantity of important inform—
ation concerning the parameters and state of the medium which were obtained in an
analysis of low-frequency waves generated and propagating in near-earth plasma.

The complexity and uncertainty of the conditions under which the excitation and
propagation of waves in near-earth plasma transpire make it difficult to under-
stand and theoretically describe wave processes and their interrelationship to
other phenomena. In particular, although the main generation mechanisms have been
clarified, the onset and specific development of kinetic instability of plasma in
particular situations and their consequences are still not thoroughly understood.
This accounts for the great importance of experimental investigations which of
necessity are becoming increasingly complex.

The surface registry of low-frequency radiations and signals alone affords no pos—
sibility for obtaining a full picture of these phenomena., The ionosphere plays the
role of a singular filter through which some types of waves do not penetrate at
all, and those which pass are highly distorted. In addition, in the case of sur-
face observations a number of phenomena accompanying the excitat’on of radiatioms,
in particular, changes in the state of energetic particles, can be traced only in—
directly, on the basis of secondary effects (appearance of auroras, etc.). Satel-
lite investigations are free of these restrictions. These have revealed important
properties of the propagation and excitation of waves in near-earth plasma (un-
channelized propagation, ionocyclotron wave branches, excitation at the frequency
of the lower hybrid resonance, etc.) and for the first time information has been
obtained on the absolute intensity of the radiations.

Despite the long-term history of investigations of low-frequency radiations and

signals and the extensive literature on this problem many aspects of these pheno-
mena still remain unclarified.
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This collection contains articles which reflect the results of investigation of
low-£frequency electromagnetic radiations and signals registered primarily by ar-
tificial earth satellites. Under the "Intercosmos" program satellite wave experi-
ments have been carried out at the Institute of Terrestrial Magnetism, Tonosphere
and Radio Wave Propagation since 1970. In a series of such experiments it was pos—
sible to collect extensive material which is represented in a group of articles.
The principal purpose of these studies is to make possible a full description of
the amplitude and spectral characteristics of low-frequency radiations in the
earth's outer ionosphere (200-1700 km) under different geomagnetic disturbance
conditions. The information present in the world literature on this subject is
fragmentary. Experiments on artificial earth satellites of the "Intercosmos' ser-
ies made it possible to trace variations of radiations in connection with profound
changes in the concentration of plasma in the main ionospheric gap and have led to
a better understanding of changes in the intensity of radiations in this region of
space.

The results of investigation of ionocyclotron whistlers, also registered on artif-
icial earth satellites, are represented in their experimental~diagnostic and
theoretical aspects in three articles.

The investigation of problems involved in the propagation of low-frequency waves
is an indispensable aspect of study of wave processes in the magnetosphere. The
propagation of low-frequency waves in inhomogeneous anisotropic magnetospheric
plasma is also examined in the collection. Here important results were obtained
by formulating a general algorithm for the computation of ray trajectories and
changes in the amplitude of waves caused by their {nteraction with fluxes of high-
energy electrons. This important step makes possible a more complete evaluation

of the effects of unchannelized wave propagation not only on the basis of their
penetration into different regions of the magnetosphere, but also on the basis of
the energy effectiveness of such penetration.

During recent years active wave experiments have gained popularity. In these iono-

spheric and magnetospheric plasma are acted upon by low-frequency waves of a great

intensity. Such dosed effects radically change the methods employed in wave exper—

iments since to a considerable degree there is exclusion of the uncertainty in in-

itial conditions and the possibility ig afforded for artificially inducing a whole

series of phenomena (excitation of micropulsations, particle diffusion, etc.). Some
results of study of nonlinear phenomena carried out at the Institute of Terrestrial
Magnetism, Lonosphere and Radio Wave Propagation in collaboration with a number of

other institutes are also presented in the collection.

For a better understanding of the conditions for carrying out wave experiments on
artificial earth satellites a table gives information on the satellites used and
the observation program employed (see Appendix).

The authors of the collection feel it mandatory to note that they have cooperated
with many specialists from different institutes in the Soviet Union and abroad.
The friendly support from them and useful discussions were very productive. The
authors express appreciation to all the persons on whose assistance they depended.

Ya, I. Likhter
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ABSTRACTS
UDC 551.510.535 :

SPATIAL-TEMPORAL VARIATIONS OF ELF AND VLF RADIATIONS IN THE EARTH'S OUTER
IONOSPHERE

[Abstract of article by Likhter, Ya. I., and Larkina, V. 1.]

[Text] This is a discussion of the results of amalysis of spatial—-temporal varia-
tions of the properties of ELF and VLF radiations in the outer ionosphere on the
basis of experimental data obtained using some artificial earth satellites of the
"Intercosmos" series. There was found to be a difference in the diurnal variations
of ELF and VLF radiations under quiet conditions and their similarity under dis-
turbed conditions. It was established that there is a dependence between the am-
plitude of LF radiations on the L-shell under different conditions of geomagnetic
disturbance. The already enumerated regularities and also the asymmetry of the ELF
radiations in the northern and southern hemispheres confirm the hypothesis of ex-
citation of part of the ELF radiations at ionospheric altitudes. Figures 16, tables
1, references 33.

UDC 551.510.535
NOISE RADIATIONS IN THE OUTER IONOSPHERE AND GEOMAGNETIC STORMS
[Abstract of article by Likhter, Ya. I., and Larkina, V. I.]

[Text] This article is devoted to an analysis of the behavior of noise LF radia~
tions in the outer ionosphere at the time of geomagnetic storms. Variations in
the amplitude of ELF and VLF radiations in the course of development of a number
of storms are traced in detail. It was discovered that variatioms in the ampli-
tude of radiation during each magnetic storm have their distinguishing character-
istics and differ in some respects from other storms. Depending on storm intensity
there 1s a change in: the amplitude of the radiation, minimum L-shell to which the
maximum of the amplitude of the radiation descends in the main phase of the storm
and the time during which the radiation maximum after a storm again returns to L=
4-5. The apparent variations of ELF and VLF radiations during individual storms .
and substorms can differ substantially. These characteristics can be attributed

to both storm intensity and the level of disturbance at which the storm (substorm) -
began. Figures 12, tables 3, references 16.

UDC 551.510.,535
INVESTIGATION OF THE INTENSITY SPECTRA OF ELF AND VLF RADIATIONS
[Abstract of article by Zakharov, A. V., Likhter, Ya. I., and Kuznetsov, S. N.]

[Text] This is a discussion of the averaged spectra of ELF and VLF radiations
measured on the "Intercosmos-5" artificial earth satellite in the earth's outer
ionosphere with L$;4.7. The frequencies of the spectral maxima vary in dependence
on L proportional to: a) the gyrofrequency of electrons at the equator, b) the
lower hybrid frequency at the equator and c) the gyrofrequency of protons at sat-
ellite flight altitude. The intensity of ELF and VLF radiations measured in the -
outer ionosphere are compared with the intensity measured on high-apogee satel-

lites., Figures 5, references 18.
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UDC 551.510.535

VARIATIONS IN THE INTENSITY AND SPECTRUM OF ELF AND VLF RADIATIONS IN THE MAIN
IONOSPHERIC GAP

[Abstract of article by Gdalevich, G. L., Likhter, Ya. L., Larkina, V. I., and
Mikhaylov, Yu. M.]

[Text] The article gives an analysis of variations of the spectrum and amplitude
of ELF and VLF radiations in the zone of the main ionospheric gap, together with
changes in the structural parameters of the gap. With entry into the gap, with a
decrease in the concentration of plasma and an increase in the electron tempera-
ture, there is a decrease in the lower boundary frequency of the noise band. At
altitudes greater than 1,000 km the amplitude of the electric and magnetic field
components increases considerably in the region where the plasma concentration is
minimum. An analysis of the ratio of the amplitudes of the magnetic and electric
components of the field of ELF radiations is evidence of the electromagnetic nature
of the corresponding waves. It can also be assumed that in these regions there is
a considerable admixture of electrostatic waves, evidently of a local origin.
Figures 6, tables 1, references 34.

UDC 551.510.535

ANALYSIS OF THE INFLUENCE OF GEOPHYSICAL CONDITIONS ON THE APPEARANCE OF VLF
CHORUSES IN MAGNETICALLY CONJUGATE SUBAURORAL REGIONS

[Abstract of article by Smirnova, N. A., Novikov, Yu. P., Natsvalyan, L. A.]

[Text] The following regularities were revealed from an analysis of VLF choruses
at subauroral magnetically conjugate observatories, Sogra and Kerguelen (L-~3.7).
With an increase in magnetic activity and under conditions of a disturbed iomno-
sphere there is an increase in the probability of appearance of conjugate (regis-
tered at both observatories) VLF choruses. The maximum of the frequeacy of ap-
pearance of nonconjugate (registered at one of the observatories) choruses is
displaced to later hours relative to the maximum of the appearance of conjugate
choruses., The probability of appearance of nonconjugate choruses is greater at
that observatory where the dawn occurs earlier (Kerguelen Observ-tory). The prob-
ability of appearance of conjugate choruses increases when the observatory is pro-
jected into a region outside the plasmosphere. It is shown that the noted regular-
ities can be satisfactorily explained within the framework of creation of optimum
conditions for the generation of VLF choruses due to the development of cyclotron
instability with the filling of the equatorial regions of the magnetosphere with
cold plasma and favorable conditions for the penetration of radiation to the
earth's surface, associated with the presence of ionization inhomogeneities in

the ionosphere. Figures 5, references 6.
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UDC 550.388,2
DIAGNOSIS OF THE OUTER IONOSPHERE USING IONOCYCLOTRON WHISTLERS
[Abstract of article by Sobolev, Ya. P.]

[Text] An analysis of ionocyclotron whistlers registere on artificial earth satel-
lites makes it possible to determine the relative composition of different species
of ions at altitudes from 500 km and above. The author gives the corresponding re-
sults on the basis of data from the artificial earth satellite "Intercosmos-5."
The diagnostic possibilities of ionocyclotron noise received aboard the artificial
earth satellite "Intercosmos-14" are given. Figures 12, tables 1, references 20.

UDC 550.388

AMPLITUDE SPECTRUM OF IONOCYCLOTRON WHISTLERS NEAR THE IONIC GYROFREQUENCY IN
THE UPPER IONUSPHERE

[Abstract of article by Bud'ko, N. I.]

[Text] A study was made of the behavior of the amplitude spectrum of the magnetic
field of ionocyclotron whistlers near the ionic gyrofrequency under the conditions
prevailing in the upper ionosphere. An increase in the refractive index with ap-
proach to the gyrofrequency leads to a slow increase in amplitude, near the gyro-
frequency cyclotron absorption rapidly cuts off this increase, and a characteris-
tic maximum appears in the neighborhood of the ionic gyrofrequency in the ampli-
tude spectrum. A knowledge of the position of the maximum in the spectrum can be
used in determining the temperature of the "tail" of the distribution of ioms or
estimating the nonequilibrium nature of the distribution function. Figures 1,
references 10.

UDC 550.388

STANDARD SOLUTION OF THE PROBLEM OF TRANSFORMATION OF AN ORDINARY WAVE INTO AN
EXTRAORDINARY WAVE IN A LOV-FREQUENCY CASE

[Abstract of article by Ryabov, B. S.]

[Text] In the approximation of a weak correlation between incident and reflected
waves the author has obtained a standard solution of the problem of the trans-
formation of an ordinary wave into an extraordinary wave in nonubsorbing plasma
containing not less than two species of ioms in a low-frequency case. This solu-
tion makes it possible to compute not only the amplitudes and phases of the trans-
formation coefficients, but also the value of the field of waves in the field of
interaction itself. In the case of practical importance of strong interaction of
waves the author has found the characteristic spatial and frequency scales of
transformatic.. and gives their numerical estimates for the outer ionosphere. It is
postulated tk-* the branching frequencies determined experimentally from the spec-
tra of the observed signals of electron and ionocyclotron whistlers are understat-
ed. References 9.
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UDC 550.388.2
QUASTSTATIC, ELF AND VLF ELECTRIC FIELDS IN THE REGION OF THE MAIN IONOSPHERIC GAP
[Abstract of article by Mikhaylov, Yu. M,, Klimov, S. I., and Savin, S. P.]

[Textl A study was made of a complex of electric measurements in the range 0.03-
20-10~ Hz when using the artificial earth satellite "Intercosmos-10." The authors
investigated the spatial-temporal relationships between the noise of the lower hy~-
brid resonance and quasistatic electric fields (0.03-70 Hz) in the region of the
main ionospheric gap. Under conditions of stability of the structure of the gap
the spatial-temporal distribution of noise of the lower hybrid resonance also re-
mained stable. The article discusses the possibility of the excitation of electro-
magnetic oscillations in the range of the lower hybrid resonance by transverse
fluxes of ions caused by quasistatic electric fields in plasma. Figures 3, tables
1, references 13.

UDC 550.388
MODULATION OF ELECTRIC CURRENTS IN THE IONOSPHERE BY A POWERFUL VLF WAVE
[Abstract of article by Molchanov, 0. A., and Shchekotov, A. Yu.]

[Text] The article examines the mechanism of the appearance of radiation at the
frequency of modulation of a powerful VLF wave propagating through high~latitude
ionospheric plasma with an electrojet., Allowance for the nonuniformity of the
field of the heating wave leads to the appearance of optimum frequencies in the
range 3-30 Hz. Theoretical estimates are supported by experimental results, Ref-
erences 12,

UnC 550.388

MODELING OF THE PROCESS OF AMPLITUDE CHANGES OF VLF WAVES IN THE EARTH'S
PLASMOSPHERE

[Abstract of article by Mal'tseva, 0. A., Molchanov, O, A., and Reznikov, A. Ye.]

[Text] Algorithms for computing the amplitude of VLF waves in the earth's magneto-
sphere in a linear approximation with allowance for the effects of kinetic attenu~
ation, defocusing and change in polarization are described. The results of the com-
putations are compared with data from registry c¢f signals of a VLF tramsmitter in a
magnetically conjugate region and with the VLF radiations at f& fryr observed on
artificial earth satellites. Figures 17, references 36,
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UDC 621.396.674
DIRECTIONAL DIAGRAM OF RECELVING DIPOLE ANTENNAS IN MAGNETICALLY ACTIVE PLASMA

[Abstract of article by Likhter, Ya. 1.]

[Text] In most wave experiments on an artificial earth satellite use is made of one
or two magnetic or electric dipole antennas. The article gives an analysis of the
ratio of the amplitudes of the components measured in such experiments to the total
amplitude of the field components (directional diagram). It is shown that the direc-
tional diagram of magnetic and electric receiving antennas in magnetically active
plasma is determined by the frequency of the wave and by its direction of propaga-
tion, as well as the orientation of the antennas relative to the magnetic field
(axis of anisotropy) and the wave normal. Usually the measured values are less than
or considerably less than the total amplitude of the field components and are equal
to them only in special cases. It is deemed desirable that measurements be made on
sateilites oriented in the magnetic field. Figures 5, references 22,

UDC 550.388

GROUP VELOCITY OF WHISTLERS IN HOT ANISOTROPIC PLASMA
[Abstract of article by Varshavskiy, s. P., Polyavin, D. I., and Sazhin, S. S.]

[Text] The authors examine the influence of anisotropy of the electron distribution
function on the group velocity of whistlers propagating along the magnetic field.
It is shown that in the case of a distribution function elongated in the direction
of small pitch angles its anisotropy leads to an increase in the "temperzture ef-
fect" on the group velocity. In the case of a distribution functicn elongated in
the direction of large pitch angles the anisotropy leads to the compensation of the
"temperature cffect” in such a way that with some anisotropy and wave rrequency the
group velocity coincides with the expression derived from the model of cold plasma.
Tt is shown that for frequencies close to 0.9 of the electron gyrofrequency the
group velocity can change by an order of magnitude with changes in the anisotropy
of the electron distribution function acceptable for real magnetospheric condi-
tions. Figures 3, references 9.

UDC 550.388

REFLECTION OF WAVES NORMALLY INCIDENT ON AN INHOMOGENEOUS ANISOTROPIC LONOSPHERE IN
THE NEIGHBORHOOD OF TIHE LOWER HYBRID FREQUENCY

[Abstract of article by Kaufman, R. N.]

[Text] Iu a quasilongitudinal approximation a study was made of the frequency de-—
pendence of the reflection coefficients for waves normally incident on an inhomogen—
eous ionosphere in the neighberhood of the lower hybrid frequency. It is shown that
the modulus of the reflection coefficients in this neighborhood have extrema. Fig-
ures 2, references 6.
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